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INTRODUCTION

Summary

In 1970,Congress enactale modern Clean Air Adb protect the natids air resources
andfpromote the public health and welfare and the productive capacitiye people. 42.S.C.
§ 7401(b)(1). Not satisfied with the results achieved under the 1970 statute, Congress amended
the Clean Air Act in 1977 tadd protectionfor areas meeting existing federal air quality
standardsThe 1977 amendments require ngabnstructed power plants to install pollution
controls. These pollution controls decreased the pollution coming from new plants.
Acknowledging the cost of retrofitting old facilities, the 1977 amendments allowed existing
plants to continue operating ftireir natural lifespan without pollution controls. Existing plants
retained thigigrandfatheredstatus until they were modified in any wlagyond routine
maintenancéhat increasedmissions

Ameren Missouiis (Ameren) Rush Island Energy Center (Rusmi¥iastarted operating
in 1976, one year before the Clean Air Act Amendments. In the26086s, asRush Islandvas
reaching the end of its natural lifespan, Ameren decided to cotiduabst significaboutage in
Rush Island historto redesign and rebdilessential parts of Rush Isl@adboilers. To increase
Rush Islan@ capacity and lengthen its life, Ameren reconstructed Rush @slamit 1 in 2007
and Unit 2 in 2010. Collectively, these construction outages lasted about 200 days and required
morethan 1,360 workers and almost 800,000 hours of labor. Rushdslgederating capacity
and pollution emissions both increased as a result of these major modifications.

Before making these major modifications, Ameren should have obtained a Clean Air Act
permit andinstalledthe best pollution controls availabighich were required after 1977 for all

new and rebuilt power plantdmeren did not apply for a permiorty-three years after it first



came odine, Rush Island is still operativgthout any pollition controls. lis now the tenth
highest source of sulfur dioxide pollution in the United Stattsre thanwo and a half years

ago, | determined that Ameren had violated the Clean Air[ating the last two and a half
years, the parties have premhend presented evidence to determine how to bring Ameren into
compliance with th&977Clean Ar Act. | held a trial in April 2019n this issue.

In this memorandum order and opinion, | provide my findings of fact and conclusions of
law from that trial As a remedy, | will order Rush Island to come into compliance with the Clean
Air Act by obtaining a permit under the Preventof Significant Deterioration (PSD) program. |
will also order Ameren to remedy Rush Islémédxcess pollution with tefor-ton reductions at
its nearby Labadie Energy Center. This remedy will satisfy the purpose of the Clean Air Act to
fipromote the public health and welfare and the productive capacitiye peopleandit is
narrowly tailored to address the harms created by Amiexeéolations.

Il. Case History

In this Clean Air Act case, Plaintiff Uniteskates of America claims thaeEendant
Amerenincreased thesk of negativehealthimpactsandpremature deaths by releasing excess
pollution from Rush Island. Plaintiff is acting at the request of the United States Environmental
Protection Agency (EPA). According to the EPA,sRusland has released more than,Q6Q
excess tons of sulfur dioxideto the airbecause Ameren failed &pply for a permit that would
require it toinstall pollution control technology when it redesigned and rebuilt its boilers at Rush
Island. That sulfur dioxide transformed into fine particulate mé@btk s) that carcauseheart
attacks asthma attacks, strokes, and premature déddld Amerennstalled the required
pollution control technology, it would have reduced its Rush Island pollution by 95% or more.

To remedy these harms, the EPA seeks an order requiringeAne(l) obtain the required



Clean Air Act permit (2) install sulfur dioxid@scrubbers at Rush Island, and (3) install
pollution control technology atsecondcoatfired power plant to account ftine excess
emissiondRush Island continues to releaskile it operates without pollution controls

| separated the liability and remedies phases of this case to more orderly conduct
discovery and presentatiof arguments. In August and September 2046 liability phase
concluded with a 1-Blay bench trialOn January 23, 2017, | issued my memorandum opinion
and order on the liability phase. | found that Ameren violated the Clean Air Act, 42 U.S.C. §
7470et seq, by overhauling its codlred boilers at Rush Island without obtaining the required
permits On February 16, 2017, | granted the Sierra Gluhotion to intervene in this suis a
matter of right. ECFNo. 863]}

In April 2019, | held a sixday bench trial to determine the appropriate remedy in this
case. In this memorandum order and opini@gtlforth findings of fact and conclusions of law
from the remedies phase trial. These findings and conclusions depggdificantpart on the
evidence presented and conclusions nthdagthe liability phase. Accordingly, | will
summarize aspects dfé liability phase trial as follows.

Il Liability Phase Findings of Fact and Conclusions of Law

Rush Island is a pulverized ceaed power plant in Jefferson County, Missouri, directly
adjacent to the Mississippi RivdRush Islan@ two unitswent into sevice in 1976 and 1977,
immediately beforeghe 1977 Clean Air Act Amendments. Because of this timing, Rush Island is

one of many power plants that were grandfathered into the Clean A& parimitting scheme.

! Throughout this memorandum opinion and order, | sometimes refer to the Plaintiffs jointly.
Frequentl vy, I refer to the EPAG6s arguments, e
Club. These references reflect that the EPA presented much of teaeyvat trial. Sierra Club

was also present for the entire remedies trial, and independently has standing to seek the

injunctive relief | order in this case.



The Rush Island plant currently emits abo8i0D0 tons of S@per year. Neitheof Rush
Islands units has air pollution control devices for 20

Under the Clean Air Act, every new or modified major pollution source must obtain one
of two permits: a NotAttainment Area permit when they are bunltareas more polluted than
the National AmbienAir Quality Standards (NAAQS), a Prevention of Significant
Deterioration (PSD) permit when they are builattainmentareaswhich ardess polluted than
the NAAQS. 42U.S.C. § 747@t seq The EPA sets NAAQS for six criteria pollutants at levels
firequisite to protect the public heaiid2 U.S.C. § 7409(b). However, NAAQS alone are
insufficient to meet the goals of the Clean Air Act: Congress determined that even in attainment
areasair pollution control wasecessaryito ensure that the air quality in . . . areas that are

alreadycleardowill not degraded Alaska Deydt of Envitl. Conservation v. E.P.A540 U.S. 461,

470 (2004) (quoting R. Belden, Clean Air Act 6 (2001) at 43).

Congress hmmade some exceptions to blunt the impact of the Clean Air Act.
Specifically, the Act does not require existing facilities to immediately install pollution controls.
Instead, the Act allows these facilities to continue operating through their normaatigeS his
grandfathering only lastntil these plantsease operating or underg@jor modifications. Any
plant that is retired but reactivated logsgyrandfathered status and must obtain a peAnit.
plant that is rebuilt in any significant way mustain a permit as well.

Accordingly, the Clean Air Act represents a comprontigdimiting the duration of
grandfathering to facilitigmatural life, Congress prevented existing polluters from maintaining
in perpetuity theiadvantageover new plants.

[O]ld plants [are treated] more leniently than new ones because of the expense of

retrofitting pollutionrrcontrol equipment. But there is an expectation that old plants

will wear out and be replaced by new ones that will be subject to the more
stringent pollition controls that the Clean Air Act imposes on new plants. One



thing that stimulates replacement of an old plant is that aging produces more
frequent breakdowns and so reduces a @drdurs of operation and hence its
output.

United States WCinergy Corp.458 F.3d 705, 709 (7th Cir. 2006). Through fifveajor

modificatiord exception to grandfathering, Congr@ssmorialized this compromises a matter
of law.

Maj or modi fications occur when there is a
operation of a major stationary source that would significantly increase net emiS&ens.

United States v. Ameren Missoufi016 WL 728234, at *4 (citing 40 C.F.R. 8.81(b)(2)(i)).

An increase of 40 tons or 20mor et hpee rp oyl el aurt aonft sdui
case, iIs fisignificanto under the regul ations.
Under the Clean Air Act, if a grandfathered polluter ever modiféefcilities, it must do
four things: (1) calculate the impact of those modifications, (2) report the planned modifications
to the EPA, (3) obtain the requisite permits, and (4) install the required pollution control
technologies at that time. This pess ensures that afijmajor modificationd are identified,
reported, and permittedkmeren made major modifications to Rush Island without reporting
those modifications and obtaining a permit.
The natural life of many of Rudbland®s component parts is 3040 years. Consistent
with those lifespans, by 2005, major boiler components at Rush Island were experiencing
performance problems including leaks, slagging, fouling, plugging, gas flow resistance, erosion,
and mechanical failure. These problems for&atkren to take the units offline with increasing
frequency so that they could be unplugged, repaired, and otherwise serviced. These aging
problems also reduced the capacity of the Rush Island boilers by slowing gas flow and reducing

the gas volume movingptough each boileGeeUnited States v. Ameren Missou#29 F. Supp.




3d 906, 922936 (E.D. Mo. 2017)

Ameren sought to increase its plant capacity by redesigning and replacing essential
components of both boilers, specifically the economizer, reheatpreheater, and thi@dower
slope panels surrounding the boiler. Ameren overhauled Unit 1 and2Unithis manner in
2007 and 2010, respectively. After Ameren replaced these components at each unit@hat unit
electric generatingapacity increased imediately to levels that had not been seen in years. To
achieve this improved capacity, Ameren employed more than 1,000 workers over several years.
For examplefitlhe 2010 major boiler outage at Rush Island Unit 2 lasted approximately 100
days and requicemore than 350,000 hours of labor, of which 290,953 hours were performed by
contractors. An average of 360 contractor staff worked twhal® shifts six days a week during

the outage United States v. Ameren Missou?i29 F. Supp. 3d 906, 943 (ERo. 2017) The

outage at Unit 1 was similar in scope and length, and botropniiects required years of
planning.

Additional evidence presented at trégitablishedhat Amereds work at both units did
not constitutdiroutine maintenanc&The new canponents in each boiler were designed,
engineered, and constructed by outside contractors, acdrip@exity of the replacements was
beyond the capacity of Amer@nin-house staffld. at 1001 The replaced equipment was so
large and heavy that monosdilad to be built to transportat the construction sitéd. Ameren
budgeted and paid for these projects out of its capital budget instead of its operations and
maintenance budgdd. at 1002 The Rush Island modifications required approval from-high
level Ameren executives, which is unnecessary for routine mainterldnae1001 Amererts
Vice President called the 2007 modifications fifrest significant outage in Rush Island history

and referred to the replacement of the economizer, reheater,leape and lower slopes as



distinct from othefiroutine maintenance that had to be perfororbding the outagdd. at 943.
Amererts own internal metrics demonstrated an actual increase in emissions at Rush
Island. Specifically, Ameren recorded outaged faderat® events, where Rush Islaisd
maximum output was reduced. Ameren recorded these events contemporaneously in its
Generating Availability Data System (GADS), and based staff bonuses in part on availability
data.ld. at931-933 Between 1997 an2007, Unit Bs availability fluctuated between 70% and
90%.1d. at 949, Following its upgrade, Unit& availability increased to 96.77% in 2008. at
954. This value was higher than any-fifbnth period at Unit 1 since 199d. Unit 26
availability inaeased from 94.5% during a fiyear baseline to 97.4% after the modifications.
Id. at 958 This value was higher than any-a®nth period at Unit 2 since 198d. Amererts
employees have admitted that those availability increases would not have hapgeoethe
projects.
Courts recognize these availability improvements as leading to emissions indidases.
significant decrease in outages results in a significant increase in both production and

emissions) United States v. Ohio Edison C&76 F. Supp2d 829, 83435 (S.D. Ohio 2003Yilf

the repair or replacement of a problematic component renders a plant more reliable and less
susceptible to future shdbwns, the plant will be able to run consistently for a longer period of

time 0 emitting more polltion asthe plant is operatetilnited States v. Ala. Power C@.30 F.3d

1278, 1281 (11th Cir. 2013).

With thefacts presented at tridhe preponderance of evidence demonstriiaii(1)
Ameren conducted @najor modificatio® when it used more than 1,000 workers to design and
replace essential components of Rush Islands boiler units in 2007 and 2010; (2) Ameren should

have expected those modifications to increase emissions by more than forty tons of sulfur



dioxide per year; (Bthose modifications actually increased emissions by reducing future
stoppages, increasing plant capacity, and extending the life of the plant; and (4) those
modifications wergin Amererts experds words, not de minimis or routine modifications, nor
did emissions increase because of demand alone.

Ameren should have obtained a Clean Air Act permit before beginning its major boiler
modification. Ameren did not seek that permis a part of the permitting processajor
pollution sources like Rush Islamde required to have the Best Available Control Technology
(BACT) when they undergo ajor modifications. Rush Islardid not have any pollution control
technology. Twelve and ningears sincdmerenoverhauled Unit 1 and Unit 2, respectively,
Rush Islandstill does not have any pollution control technolo@yrough the end of 2016, Rush
Islandemitted 162,000 tons of sulfur dioxide more than it would have had Amenreplied
with its obligations undeihe Clean Air Act.

Now, in the remedy phase of theatriAmeren and the EPA dispute whether | should
order injunctie relief in this case and whajunctivereliefis appropriateln September 2018
the parties filed five separate motions for summary judgment, three from Ameren, orleefrom
EPA, andone fom PlaintiftIntervenorSierra Club on the subject of standing. | granted the
Sierra Clulds motion for summary judgment on standing with respect to relief requested at Rush
Island. ECFNo. 1055 There was no dispute of material fact that Sierra &latenbers were
injured in fact, their injuries were traceable to Amésezxcess emissions, and pollution
reductions at Rush Island would redress their injuries.

| denied the partiéother motions for summary judgment. Neittiee EPAnor Ameren
demonstrated that there was no dispute of material fact concerning the appropriate remedy. |

must evaluate injunctive reliefe | yi ng ers ttathd i fsvmeeldl p the Suprenel e s

of



Courtarticulatedn eBay Inc. v. MercExchange, LC., 547 U.S. 388, 391 (2006Based on the

partie®filings, | could not say as a matter of law what injunctive relief was required pursuant to
theeBayfactors.

In April 2019, the EPA and Ameren presented their arguments concerning remedies over
six days of trial. The EPA requests an order requiring Ameren to obtain a PSD permit for Rush
Island, (2) propose Flue Gas Desulfurization (FGD) scrubbers as the appropriate permit
technology, (3) meet an emissions limitation based on E&@bbers, and (4) addsetonfor-
ton excess emissions from Rush Island by installing pollution control technology on Ameren
Labadie Energy CenteBased on the extensive testimony provided by its expha£ PA
argues that theBayfactors supporthis relief.

Ameren arguethat it did not have fair notice tifie EPAs legal interpretations, that
there is no evidence of harm created by its &Bissions, that Ameren has already decreased its
emissions, that it should have had the opportunity to apply for a much less stiimgeor
permitp and that the expense of installing scrubbers is unduly burdensome.

In addressing these arguments, | note lyahaking major modifications without
satisfying the requirements of the Clean Air Aeneren reaped significant financial béire
According to Amereés 2011 estimates, installing wet FGDs at Rush Island would cost between
$650 million and $960 millionSeptember 19, 2011 Project Plan (Pl. Ex. 1102), atR¥M-
00294509. Ameren deferred these costsrfore tharten yearsat the expense of downwind
communities that it will never have to fully repay. Instead, | may only order remediation enough

to account for the total amount of excess emission released by Ameren, a remedy that is more

2 Though theeBaycase did not establish the governing standard for a permanent injunction, |

will relyontheeBayCour t 6s presentati on of -factéreest.é@Baya mi | i ar
547U.Sat39L1 n t his memorandum opinion e&eBay order, I
factoeBayst@amdiar d. o



thana decaddate, but which is clogg tailored to the harm suffered by these communities.

Accordingly, and bsed on the evidence presented at trial, | conclude that the following
injunctive relief is necessary to remedy the harm created byidhe tharl 62,000 tons of excess
pollution Ameen released from Rush Island: Ameren must (1) apply for and obtain the
applicable Clean Air Act permit from the Missouri Department of Natural Resources (MDNR)
for its Rush Island Plant, (2) propose wet flue gas desulfurization (FGD) ejthieed contrb
technologyfor Rush Island(3) meet an emissions limitation @051b/mmBTU at Rush Island
and @) install and use dry sorbent injection (DSI) technojagyanother more effective control
technologyat itsLabadie Energy Center (Labadiahtil it reduces pollution from Labadie in an
amount equal to the excess emissions from Rush Island.

This remedyesults from thdollowing findings of fact and conclusions of law. In
summary, | find that the ERA experts convincingly and credibly testified that WD is the
most effective control technology that could be used at Rush Island. Additionally, when
considering the energgnvironmentaland economic impacts, wet FGD is achievable at Rush
Island. As a result, wet FGD is the Best Available Control Teldyy (BACT) for Rush Island.
The EPAs experts also convincingly and credibly testified faererds failure to install
BACT at Rush Islantiasled to more than 162,000 tons of excess &@issions and increased
the risk ofhealth problems angremature mortalityn the exposed populatio@onsidering this
evidence | concludethat ordering commensurate reductions at Labadieemadythatis
closely tailoredo the harm suffered, addressrreparable injury that could not be compensated
through legal remedieserveghe public interest, and w8arrantedvhen considering the balance

of hardships in this case.
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FINDINGS OF FACT
BACKGROUND: RUSH ISLAND& MAJOR MODIFICATIONS

a. Ameren Redesigned and RebuiltUnits 1 and 2 Near the End ofTheir Design
Life

1. Rush Island Units 1 andli&gan operatino 1976 and 197.7Theywere
originally grandfathereihto compliance with the Clean Air Act without needing to install

BACT emissionlimitationsimposedby the Prevention of Significant Deterioration (PSD)

program.Ameren Missouri229 F.Supp.3d at 915.
2. Neither Rushlisland Unit 1 nor RuskslandUnit 2 has installed any ggollution

control devices fo6C; emissionsld.; seealsoid. at 917 (Liability Findings { 8).

3. Rush Island Units 1 and 2 wereginally designed to have an approximatélyyear
life, with componentsypically lasting 30 to 40 yeardd. at 917 (Liability Findings 1 5By
2007 and 2010, whelimerenmodified Rush I$and Units 1 and Zheyhadalready been
operating for 3/ears Amerenhas already ruthe Rush Island plamén yeardonger than it
expected at theme the plantwas constructed.

4. The 2007 and 201todifications ended Rush IslaBsdjrandfathered status under the
PSDprogram. Thenodificationswere made durinthe mostsignificant outage in Rush Island
planthistoryand were justified based on increasing plant operations and revenae915;see
alsoid. at 940(Liability Findings 1 1558L60), 943 (Liability Findings { 172).

b. Modifications at Rush Island Led to Actual Emissions Increases

5. Attrial, Ameren argued that it had reduced both its fleet@i@eemissions and its
emissions from Rush Islanbh 201Q Ameren began operatingollution control equipment
specifically Flue Gas Desulfurization (FGD) scrubbatsts Sioux pulverized codired power

plantnortheast of Rushsland.Knodel, Tr. Vol. 1-A, 88:1689:2. Ameren also converted two of
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its four units athe Meramec Energy Centier natural gas combustioklichels, Tr. Vol. 5-B at
5:22-6:7. These changes decreased emissions from the Sioux and Meramec plants. (Ex. UU).

6. Ameren did not install pollution control equipment at Rush Island or its Labadie
Energy Center, although it began using lower sulfur coal at these two Maatisls Tr. Vol.

5-B, 5:22-6:7.

7. Ameren has not submitted evidence demonstratingRihsl Islad& emissions have
decreasedr stayed the same after its major modificatigkizhe remedies phase trial, and in its
proposed findings of facBRmeren did not present any dalamonstrating Rush Islaésl
emission rate befor2007. Without that informatia, Ameren cannot demonstrate that its
emissions decreased or stayed the same after its major modifications.

8. After the liability trial, | found that Amerds modifications at Rush Island had
increased emissions from Unit 1 by about 665 tons perayehfron Unit 2 by abou®,171tons

per year Ameren Missouri229 F. Supp. 3d 906, 955, 959.

c. Rush Island Is One of a Srall Minority of Similar Plants T hat Continue to
Operate Without SO2 Scrubbers

i. SOz ScrubbersAre Widely Used in the Electric Utility Industry

9. There are two ways to reduce the amount of &0itted from a pulverized cecal
fired electric generating unifl) reduce the sulfur contenf the source coabnd(2) use a
control system to capture S0efore itis released to the atmospheihe maintypes of control
technologyused to capture S@reFGD scrubberand dry sorbent injection (DSI) technology.
Staudt Test., Tr. Vol. 1B, 12:2013:14; Callahan Dep., Nov. 8, 2017, Tr. 448 (testimony of
Ameren supervisor of environmental pragc

10. FGD scrubbertavebeenwidely used to reduce SGrom coalfired electricity

generating units for decades. Staudt Test., Tr. \A8l, 15:24; Mar. 2009 Rush Island FGD
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Project Technology Selection Report (Pl. Ex. 1029), at@838262 and AM)2638283;
Missouri Department of Natural Resources (MDNR) Rule 30(b)(6) Dep., Aug. 10, 2018, Tr.
141:23142:3.

11.  Scrubbers can either Ifveto or idry,0 depending othe amount of moisture
introduced into the gas streailet FGD systems introduce marwistue, reducing the
temperature of the gas streamd keeping some water in the form of droplets, rather than.vapor
Water droplets create more reactive environmeicreasing the amount 8, fiscrubbed
from the exhaust. Additionally, the lower temperatuin a wet FGD system are compatible with
using limestone as thiscrubbing reageritLimestoneis cheap and readily available in
Missouri. Staudt Test., Tr. Vol-B, 13:414:12;see alsdMar. 2009 Rush Island FGD Project
Technology Selection Report (Bx. 1029), at AM02638262 and AMD2638283.

12. Dry FGD systems cool the gas stream less than wet FGD systems do. They use
hydrated lime as a reagent, remove lesstS&n dry systems do, and produce a dry waste

product that must be disposed of at cost. St@adt., Tr. Vol. 1B, 13:414:12;see alsMar.

2009 Rush Island FGD Project Technology Selection Report (Pl. Ex. 1029),-a2888262
and AM-02638283.

13. WetFGD scrubbers are the most effective,30ntroltechnology Theycan
removemore tharB9% of a plars SO, emissions.Dry FGD scrubbers are slightly less
effective, but they can still remove more than 95% of a @&® emissionsdepending on the
type of coal being burned. Staudt Test., Tr. VelR,114:1315:1; Snell Test., Tr. Vol.-8, 50:8
22; Harley Dep., Apr. 11, 2018, Tr. 100:1@1:6 (testimony of Ameren Director of Project
Engineering)see alstMarch 2008 EPRI Report: Flue Gas Desulfurization Performance

Capability (PIl. Ex. 1045), at AND2699777 fiplants designed for 99% remaare scheduled to
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be operating in late 2008 or early 20pd

14.  As illustrated by Figure 1csubbers have been used at pulverized-ticed
power plantglatingback to the early 1970s of 2016, most of the ceéifed generating
capacity operating in the United States was produced by power plants with scrubbers.
Specifically, 200,000 megawatts of capacity was available at scrubbefiredalnits out of
250,000 megawatts of capacityadl coalfired electricgeneratingunits. Staudt Test., TVol. 1-
B, 15:225; Black & Veatch Rush Island FGD Technology Selection Report (Pl. Ex. 1029), at
AM-02638262

15. Of that 200,000 megawattsget scrubbers account for about 170,0@€gawatts,
while dry scrubbers account for the other 30,000 megawatts. Staudt Test., TFBy&b:2-25,

19:921:15;see als®Black & Veatch Rush Island FGD Technology Selection Report (PI. Ex.

1029), at AM02638262Wet scrubbers are by far the domih&Q control technology for

power plants.

3 The Electric Power Researttstitute (EPRI) isaresearch arrof the electric utility
industry. Amerenand otheuwutilities fund EPRko research angdrovide reports on the best
practices on a variety of issues, including peeformancendcost of polution controls.
Callahan Dep., Nov. 8, 2017, 158:1521,59:818; HarleyDep.,Apr. 11, 2018, Tr. 38:22
40:3.

14



Figure 1

= 250,000

"]

= ®Dry FGD

2 200,000

A= B Wet FGD

2 150.000

E E)

2

& 100,000

".'_'3

=]

£ 50,000

=]

O
() . - ————————|—————————————————
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

16.  Scrubbers are currently installed on hundreds offial electric generating
units, including approximately486 of coalfired power plantsn the United Statesveighted by
generating capacity. Knodel Teskr. Vol. 1-A, 77:6-9; Staudt Test., Tr. Vol.-B, 15:1716:10;
see als&@tumpf Dep., Mar. 27, 2018, Tr. 48:28 (Ameren project manager testifying that
FGDs have become prevalent in the utility industry); Harley Dep.;52:45 (Ameren senior
directortestifying about scrubbéboondin the utility industry); Mitchell Dep., May 30, 2018,
Tr. 39:1418 (Ameren project engineer testifying that scrubbers wereestdblished at the time
of the FGD engineering studies for Rush Island).

17.  The vast majority ofvet scrubbers operating at power plants today were installed
on existing plants, as illustrated by FiguréAbout120,000 megawatts of the total 170,000
megawatts of wet scrubber capacity operating irb20@ds installed on existing plantglost of
that scrubbed capacity was installed between 2005 and Za6dt Test., Tr. Vol.-B, 65:13

66:16.
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Figure 2
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18. Rush Islan corinued operation without pollution controls has made it one of
thelargest sources of SQollutionin the United State®Between 1997 and 2017, Rush Island
moved from being the 154th to the 10th highest+maide source of S@missions in the
country Knodel Test., Tr. Vol. 4A, 73:674:5%

ii. DSI Controls Are Not Commonly Installed on Unitsof Rush Island
Size

19.  Unlike FGD control technologyry sorbent injection does not require a reaction
vessel or added moisture. Instéa8l involves blowing reagenirgctly into the duct work
downstream of the codired boiler. A fabric filter or baghouse (hereinafter referred to as-DSI
FF) can be added to remove particulate matter and increase overall removal efficiency of sulfate
and other pollutants. Without adieuse, a ordinary DSI systeroan remové0% of SO,
emissions. With a baghouseD8&I-FF can remov&0% SQ reductions. Staudt Test., Tr. Vok. 1

B, 16:1217:22; Snell TestTr. Vol. 4-B, 10:1811:9; Harley Dep., Apr. 11, 2018, Tr. 163t2

4 In thatsameyear,Amererds Labadie plant ranked as the fouhighestSO, emitterin the
United States, and Missouri as a whole edomehe secondhighestSO, emittingstate inthe
country, behind only Texas. Knodel Test., Tr. VIBA, 74:6-15.
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(testifying that DSI typically can achieve 40 to 50% reductions).

20.  There are only a handful of unitse size of Rush Island that currentiseDSI for
SO control None of those systems were in operation prior to 2007 when Ameren undertook the
major modiftations atssuein this caseNeither party presented testimony identifythg source
categoryto whichthoselarge units with DSI belongStaudiTest.,Tr. Vol. 1-B, 52:1017;Tr.

Vol. 2-A, 33:1-11.

21.  Amererts expert Colin Campbell admitted that Rusland would be the first

power plant to have BACT detained based on the use of D$est., Tr. Vol 4-A, 98:37.
d. Ameren Evaluated FGD Installation at Rushlsland

22.  Although Ameren did not install control technology at Rush Island, Ameren spent
about $8million between 2008 and 2011 evaluating what control technology it should install.
Staudt Test., Tr. Vol.-B, 17:2319:7; Campbell TestTr. Vol. 4-A, 93:1217, September 19,

2011 Project Plan (PIl. Ex. 1102), at AREM-00294508.

23.  Ameren completed two phkas of its evaluatiori{ T]he first phase evaluated the
various. . .technologies and the second phase utilized the selected technology (Wet FGD
system) to develop a design basis, scope and detailed cost eétimate?, 2010 Request for
Preliminary Wok Order Authorization (PI. Ex. 1095), at AREM-00288486.

24.  The consulting firms Black & Veatch and Shaw prepared independent feasibility
studies during these phas8saudtTest., Tr. Vol. 1B, 17:2320:22;AmerenUERush Island
Power PlanTechnology Selection Report (PI. Ex. 1029); ShEechnology Evaluation (Pl. EX.
1069);AmerenRule 30(b)(6) Dep., Nov. 7, 2017, Tr. 134:135:2, 135:22136:11, 138:16
138:20, 138:28.39:6(identifying PI. Exs. 1029 and 1069 as tfieal Phase 1 reports,hich

werethe besestimatesvailableat thetime concerning thdeasibility ofusing wet scrubbeiat
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Rush Island); Callahan DeNpv. 8, 2017, Tr. 119:3720:9 (supervisor of the Phase 1 and 2
studies testifyingdhmerenhired multiple independenengineringfirms to get afbetterhandle on
potential cost awell as schedufs.

25.  Amererts internal presentations indicate that these studies were designed to
evaluate business planning andngdiance options for a number dgulations, including the
CrossStae Air Pollution Rule, rules for Hazardous Air Pollutants, and the New Source Review
Program, the regulatory program at issue in this Gaglune 1, 2010 CPO®resentation,
ScrubbeiTechnologyAssessmenRush Island Plar(Pl. Ex. 1099), at AMREM-00288980.

26. In Phase 1Shaw solicited bids from six vendors with extensive experience
installing FGDs. Shaw Technology Evaluation (Pl. Ex. 1069), atR#M-00191161; Ameren
Rule 30(b)(6) Dep., Nov. 7, 2017, Tr. 138:289:12. Afer reviewing this and other
information, Shawecommended wet FGD for further review and eventual installation at Rush
Island. This decision wa§b]ased on the overall evaluation of experience, performance,
arrangement, operating flexibility, construdta, modularization, site impacts, capital costs,
operating costs, maintenance and repair costs, and other attributes such as permitting, social
economic costs and public relatiomssShaw Technology Evaluation (Pl. Ex. 1069), at AM
REM-00191196; Staudtest., Tr. Vol. 1B, 20:922:9.

27. Black & Veatch also recommended wet FGD for further review in Phase 1.

28.  Ameren accepted the consulting fiinecommendations, selecting wet FGD for
further evaluation in Phase 2. In Phas@rmgrenrequesteanore detailed @st estimates,
engineering designs, and project execution plans for Rush Island. The Phase 2 reports were
thousands of pages long, included bid information from FGD suppliers, and laid out a detailed

schedule for installing FGD at Rush Island. Staudt T€&stVol. 1-B, 33:1%36:7; Callahan
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Dep., Nov. 7, 2017, Tr. 165:1856:20; May 2010 Shaw Final Report (PI. Ex. 1071); August
2010Black & VeatchExecution Plan and Report (PI. Ex. 1115).
I. Amerenés StudiesRecommendedVNet FGD at Rush Island

29. As part of its efforts, Ameren evaluated the technical and economic feasibility of
installing FGDs at Rush Island. These evaluations were summarigeddaralpresentations
given to Ameren management. February 5, 2010 Project Review Board PresdRuation
Island FGD (PI. Ex. 1100), at AREM-00288998 to 289000; June 1, 2010 Corporate Project
Oversight Committee (CPOC) Presentation, Scrubber Technélkggssment, Rush Island
Plant (Pl. Ex. 1099), at ANREM-00288981 to 288987; March 2, 2009 Economic ¥alu
Analysis for Rush Island FGD Project Plan (Pl. Ex. 1023), atGd434859 to 2634860.

30. Based on its evaluations, Ameéertorporate project oversight committee agreed
that wet FGD technolog§l) was technically and economically feasible at Rigtdnd,(2) was
the right choice for complying with, among other things, New Source Resi@v(3) should be
pursued further in contract developmehineren Rule 30(b)(6) Dep., Nov. 7, 2017, Tr. 58:24
59:12, 59:250:22, 82:383:17.

31. Ameren explained inree of its management presentations thett AGDwas its
ftechnology choice for S{emoval at Rush Islaidecause of itBadvantages in cost,
capability and flexibility over other options. June 1, 2010 CPOC Presentation, Scrubber
Technology Assessmentubh Island Plant (Pl. Ex. 1099), at AREM-00288987.

32. For coalfired power plants, the emission limitation is typically stated in terms of
pounds of pollutant per million BTU of heat input (Ib/mmBTU). This unit represents the amount
of pollution emitted peunit of fuel put into the boiler. Knodel Test., Tr. VolA139:1-6. The

emission limitation is always accompanied by an averaging time; fofficelpower plants,
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typically the averaging time used is a@8&y rolling average to help address valigbon a day
to-day basis. Knodel Test., Tr. VokA, 39:7-11.

33.  Ameren concluded that the wet FGD systems have the advantage of
f{d]Jemonstrated performang& meet ar50, emission rate guarantee of 0.06 Ib/mmBTune
1, 2010 CPOC Presentation (Pl. ER99), atAM-REM-00288984; Callahan Dep., Nov. 8,
2017, Tr. 201:121 (agreeing that 0.06 poungder million BTUwas a demonstrated number
that could be achieved).

34. Ameren rejected the lesdfective DSI technology because it wiis|ot
commercially demonstratééndfinot proven to meet low emissions requiremeéngiine 1,
2010 CPOC Presentation (Pl. Ex. 1099)AM-REM-00288984.

35. Ameren concluded that wet FGD alsadhadvantages with respect to other
environmental impacts, including the removal of Hazardous Air Pollutants (HAPs). Staudt Test.,
Tr. Vol. 1-B, 40:1241:7. For example, wt FGD helps remove other acid gasé&sne 1, 2010
CPOC Presentation, Scrubber Teclogy Assessment, Rush Island Plant (Pl. Ex. 1099), at AM
REM-00288985.Wet FGD also helps remove organic HAPs, in part due to lower flue gas
temperaturedd. Specifically, wet FGD helps remove oxidized mercury, sulfur trioxide,
particulatematter hydmogen chloride, and hydrogen fluoride. Direct Testimony of Mark Birk,
Missouri Public Service Commission Case No-HR 10028 fiBirk PSC Testimong), Sept. 3,
2010 Tr. 3:204:2 (PI. Ex. 1003)see alscCallahan Dep., Nov. 8, 2017, Tr. 25:28. Wet FGD
alsoeliminates landfill impactsbecause thgypsumbyproduct can be sold to nearby cement
plants. Id. at AM-REM-00288986.

36.  Ameren concluded that wet FGD was an economically viable oasiavell In

Amererts wordsfie]conomic evaluation supporteéthe useof wet FGD at Rush Island. March
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2, 2009 Economic Value Analysis for Rush Island FGD Project Plan (PIl. Ex. 1023),-at AM
02634859; February 5, 2010 Project Review Board Presenfatish Island FGD (PI. Ex.
1100), at AMREM-00288999; June 1, 2010 CPOC Pregaton: Scrubber Technology
Assessment Rush Island Plant (Pl. Ex. 1099), atiRABM-00288984 to 288986; August 20,
2010 Rush Island Progress Overview (PIl. E¥01), at AMREM-00289177; Staudt Test., Tr.
Vol. 1-B, 23:27; Callahan Dep., Nov. 8, 2017, T8&7-10.

37. Wet FGD has a less expensive reagent than dry FGD or DSI. The wet FGD
limestone reagemosts$28/ton; the dry FGD lime reagent costs $75/ton; and the DSI trona
reagent costs $150/to8haw Technology Evaluation (PI. Ex. 1069), at AR#M-00191180.

38. Ameren also determined that wet FGDs would not reghéenewinduced draft
booster fanshat dry FGDwouldrequire Instead, the existing fans would only need to be
upgradedForegoing thenewfanswould reduce capital coséé Rush islanthy $37 to $50
million and would result in lower plant energy consumptidm.additional $20 million could be
savedby usinglimesibne milling equipment at AmerénSioux power plant. June 1, 2010
CPOC Presentation, Scrubber Technology sssent, Rush Island Plant (PI. Ex. 1099), at-AM
REM-00288983; Staudt Test., Tr. VokB, 36:2038:7, 55:515.

39. Wet FGD also provides greater fuel fleikity for Rush Island. Becauseet/FGD
removes more S{per ton of coal, Ameren could use higher sutfoal in some circumstances
while still meeting emissions limitationStaudt Test., Tr. Vol.-B, 21:1622:9; Callahan Dep.,

Nov. 8, 2017, Tr. 203:2204:3;see als®Birk PSC Testimony (PI. Ex. 1003) Tr. 41%

(describing fuel flexibility as advantage fwet FGDs in Sioux rate case).
40. Amererts final project plan estimated that the total cost of installing wet FGDs at

Rush Island would range from $650 million to $960 million, based on estimates provided by
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multiple engineering firms. September 19, 2011 &oPlan (Pl. Ex. 1102), at AARREM-
002945095see alsd-ebruary 5, 2010 Project Review Board Presentd®iosh Island FGD (PI.
Ex. 1100), at AMREM-00289005; Ameren Rule 30(b)(6) Dep., Nov. 7, 2017, Tr. 88&1
(identifying these costs as the best estémavailable to Ameren at the time of the cost of
scrubbing Rush Island).

41.  As part of its economic evadtion, Ameren also compared tbgtimated costs of
installing wet FGDs at Rush Island to the costs incurred by other electric utilities for wet FGD
installations. Ameren concluded that the costs of installing FGDs at Rush Island would be
consistent with the costs borne by the rest of the industry to install scrubbeffebruary 5,

2010 Project Review Board Presentati®uash Island FGD (Pl. Ex. 110@t AM-REM-
00289006; Staudt Test. Tr. VokH, 23:1025:16, 56:2667:6; Ameren Rule 30(b)(6) Dep., Nov.
7,2017, Tr. 90:©1:3.

42.  Ameren also told the Missouri Public Service Commission in a formal planning
document that it planned to install scrubbers oslRaland and Labadie. Michels Test., Tr. Vol.
5-B, 17:618:19.

43. Wet FGD is an economically and technically feasible control technology for Rush
Island. Staudt Test., Tr. Vol:B, 42:1924, 48:2249:11.

ii. Amerend Studies Confirmed theSO2 Emission Rates Aclievable at
Rush Island

44. Todesign an FGD system cost estimatsiudy must definthe emission rate
requirements of the proposed system. Staudt Test., Tr. \R)I61197:12, 25:1926:4; Callahan
Dep., Nov. 8, 2017, Tr. 92:123:3, 129:8130:9

45.  During the first two phases of Amer&FGD study efforts, Amerés

engineering firms based their design work and cost estimatesS@ @&mission rate targef o
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0.06 Ib/mmBTU. May 2010 Shaw Final Report (PI. Ex. 1071), atiREMV-00194954 to
194955 August 201Black & VeatchExecution Plan and Report (Pl. Ex. 1115), at-R¥EM-
00324205 to 324206; Staudt Test., Tr. VeB126:527:4; Ameren Rule 30(b)(6) Dep., Nov. 7,
2017, Tr. 145:24146:3, 147:29147:24, 158:121, 161:221; Callahan Dep., Nov. 017, Tr.
51:915, 123:8124:14.

46.  Ameren initially transmitted this 0.06 Ib/mmBTU design rate to its outside
engineering firms on October 3, 2008. When it did so, Ameren requested that the engineers
assess whether FGDs could be designed to achieve ewatar§@: reductions. Oct. 3, 2008
Letter toBlack & Veatch(Pl. Ex. 1086) fequestingan assessment @fnaximum achievable
design basisfor SO, removal,fieven if greater than the design vale©ct. 3, 2008 Letter to
Stone & Webster (Shaw) (PIl. Ex. 1085ame).Concurrently Ameren instructed its engineering
firms to use a slightly highdoperating value of 0.08 Ib/mmBTU, which woulidepresent
permit requirementsfor the FGDs.Id.; Callahan Dep., Nov. 8, 2017, Tr. 93:90:5, 123:8
124:14.

47.  Depending on the fuel being burned, Ameren estimated that these emission rate
targets would reflect removal efficiencies of up to 99%. If Rush Island continued to burn lower
sulfur PRB coal, then a design emission rate of 0.06 Ib/mmBTU would reflect $95%
reduction, while an operating rate of 0.08 Ib/mmBTU would reflect a 90% reduction. Mar. 2,
2009 Economic Value Analysis for Rush Island FGD Project Plan (PIl. Ex. 1023),-at AM
02634848.

48.  As part of its FGD study efforts, Ameren also obtained FGD proposalsafiarh
the major FGD suppliers in the United States, all of whom indicated that they could supply an

FGD system capable of meeting Amdieamission targets. Staudt Test., Tr. VeB,172:19
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73:24.

49.  For examplethe companylstom submitted a wet FGD proposal to Ameren in
May 2009. May 21, 2009 Alstom WFGD Indicative Submittal (PI. Ex. 1068). At that time,
Alstom had over 50,000 MW of wet FGD systegitheroperating or under contradt.. at AM-
REM-00191035Alstom confirmel it could meet AmerdB emission requirementis,, and
highlighted its experience with several relevant wet FGD projects for Rush Island:

A A wet FGD installed for a new 78@W unit at the JK Spruce plant in

2009. The plant burns PRB coal and \wesvided an emission guarantee of 0.06
Ib/mmBTU or 96% removal.

A Wet FGDs contracted to be installed on two existing ¥®%U units at the
Coronado plant. The plant burns PRB and was provided an emission guarantee of
0.04 Ib/mmBTU or 97% removal.

A A wet FGD installed on an existing 720W unit at the latan plant in 2008.

The latan plant is located in Missouri, burns PRB coal, and was provided an
emission guarantee of 0.021 Ib/mmBTU or 98% removal.

Id. at AM-REM-0019107173; see als&taudt Test., Tr. Voll-B, 74:476:9.

50. After the Phase 2 reports were finalized, Ameren began the spéoifi
development process faret FGD at Rush Island. Aug. 5, 2010 Conference Mem. (PI. Ex.
1088). The final specification was thousands of pages long and extremeldd&taudt Test.,
Tr. Vol. 1-B, 42:2544:13; Construction Specification Section 180Design Basis (PI. EX.
1144).

51. Aspart of the specification development pro¢cégaeren tasked a team of its
engineergo confirmthe emission rate targets for the FGDs prapare the specificatian
coordination with Amereis outside engineers. Stumpf Dep., Mar. 27, 2008, Tr. 634215,
151:6153:22, 154:11417, 158:22159:20.

52.  As aresult of taspecification development process, on September 23, 2010,

Ameren lowered itSC; emission rate requirements for the Rush Island FGDs to 0.04
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Ib/mmBTU. Sept. 23, 2010 Letter Black & Veatch(Pl. Ex. 1076); Nov. 1, 2010 Conference
Mem. (Pl. Ex. 1091), at ANREM-00286756; Stumpf Dep., Mar. 27, 2008, Tr. 19e2P2
198:28,218:1#219:9, 238:14109.

53.  The 0.04 Ib/mmBTWS O, emission rate was the same emission rate guarantee that
Ameren obtained for the FGD installed in late 2010 at its Sioux plant. Staudt Test., TkB/ol. 1
71:1320; Ameren Rule 30(b)(6) Dep., Nov. 7, 2017, J06:160207:11, 208:60.

54. Based on the coal expected to be used at Rush Island, the 0.04 Ib/mmBTU
emission rate reflectS8O, removal efficiencies of 95 to 97 percent. Nov. 17, 2010 Letter from
BV to Ameren (Pl. Ex. 1174) at BV2_02044158; Staudt Test. TVol. 1-B, 44:1446:4.

55.  Ultimately, an emission rate of 0.04 Io/mmBTU was used as the design basis in
the construction specification. Staudt Test., Tr. Ve, 42:2544:13; Construction
Specification Section 16@0Design Basis (PIl. Ex. 1144), at AREM-00538825;see also
Stumpf Dep., Mar. 27, 2008, Tr. 252263:10, 254:23, 286:20287:5.This rate was retained as
the design basis un#lmeren suspended the FGD project in September 2011. September 19,
2011 Project Plan (PI. Ex. 1102), at AREM-00294511 Staudt Test., Tr. Vol.-B, 44:1446:4;
Stumpf Dep., Mar. 27, 2008, Tr. 286:287:5.

56. The pollution control experts in this case agree th&G@remission rate of 0.04
Ib/mmBTU would be an achievable design emission rate for a wet FGD at Rush Islad. Sta
Test., Tr. Vol. 1B, 46:58; Snell Test., Tr. Vol. 48, 51:1352:16.

iii. Amerené StudiesDemonstrateHow Quickly Wet FGD Can Be
Installed

57.  When Ameren suspended the Rush Island FGD project in September 2011, its
engineers put into placefieeactivation pladin case FGDs later became required. September 9,

2011 Project Plan (PIl. Ex. 1102) at AREM-00294510 {iThe following link is to a docuent
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that outlines instructions for reactivating

WFGD Specification Reactivatiab); see alsétaudt Test., Tr. Vol.-B, 46:947:23; Ameren

Rule 30(b)(6) Dep., Nov. 7, 2017, Tr. 2285.

58.  Amererts reactivation plan provided that ti€Complete WFGD Specification
turn-over from Shaw should beiconsidered the starting point for picking up where the original
[FGD] team left offo WFGD Specification Reactivation Instructions (Pl. Ex. 1141).

59.  The reactivatia plan also included a schedule for completing the prajeat
reactivation The plan provided thatipon reactivatiorengineers would need two weeks to
verify the chosersO; technology (wet FGD)If the technology selection changed, engineers
would neechn additional terveeks to create a new specification. After management approval,
Ameren could send the projeotFGD suppliers for bid within six months fromaetivation
(which was May 2016, under the thproposed schedule). September 19, 2011 &rBjan (PI.
Ex. 1102), at AMREM-00294512, AMREM-00294580. Based on that schedule, the FGD could
have beeifiortlineo by the end of 2020epresenting a four and chalf-year process from the
time of reactivationld.

60.  This reactivation plan allow&meren to install FGD controls mogaiickly by

taking advantage of all the resources already invested in engineering wet FGDs for Rush Island.

Staudt Test., Tr. Vol.-B, 46:1848:6. By the time the project was suspended, Ameren had
invested 3 years ohgineering work and approximately $8 million on the project. September 19,
2011 Project Plan (PIl. Ex. 1102), at AREM-00294508see als&tumpf Dep., Mar. 27, 2008,
Tr. 64:2265:2, 291:1892:19.

61. Company documents refer to tife]ngineering activities foRush Island FGD

asfia significant risk mitigation strategy in terms of cost and sche204.0 Project Review
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Board Presentati@dnRush Island FGD (PI. Ex. 1100), at AREM-00289019see alspe.q, EX.
1095, at AMREM-00288487 ifContinuing with enginegrg activities for Rush Island FGD is a
risk mitigation strategy for both cost and schedyl&.hefirisko was the possibility that FGDs
could be required by various drivesmereris firesponsewas tofig]et an early start on
engineering in order to acs guickly as possible Ameren Rule 30(b)(6) Dep., Nov. 7, 2017, Tr.
44:21-45:10, 47:2448:13, 48:1649:12, 101:18103:1

62. Inlight of the extensive amount of engineering work already compliefied,
that Ameren would be able to install FGDs at Rush d¢klaithin four and onéhalf years from
the date of the requirement to do September 19, 2011 Project Plan (Pl. Ex. 1102), at AM
REM-00294512, AMREM-00294580 (May 2016 reactivation date and December 2020 online
date).

Il. RUSH ISLANDG VIOLATIONS HAVE LED TO MORE THAN 162,000 TONS
OF EXCESS SULFUR DIOXIDE POLLUTION

63. At the time Rush Islar@ boilerswere modified, the surrounding airshed had
attained the NAAQS fofine particulate matter, a key froduct of S@. Morris Test, Tr. Vol.
4-B, 69:4-24. Although part of Jefferson Countyasrrentlya nonrattainment area for Stself,
at the time of the modifications at Rush Island, it was in attainment of thisl/S80S.
Therefore the requiremertb obtain aPSDpermit andnmeet BACT emissions limitatiorepplied

to Rush IslandAmeren Missouri229 F.Supp.3d ai8®; 42 U.S.C. 88§ 7471, 7475

64.  Missouri is the PSD permitting authority for facilities in Missouri, pursuant to an
EPA-approved State Implementation Blandis subect to EPA oversight. Knodel Test., Tr.

Vol. 1-A, 45:2-23, 79:1617; MDNR Rule 30(b)(6) Dep., Aug, 10, 2018, Tr. 101153
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a. PSDRequires the Best Available Control Technology
i. BACT Determination Is aFive-Step Process

65. Missouri andhe EPAusethe same éfinition of BACT, which applies to both
new and modified sources. Campbell Test., Tr. Va@\, £0:2491:6.

66. BACT isfian emissionimitation based on the maximum degree of reduction of
each pollutant subject to regulation . . . whichgkemitting authority, on a cad®/-case basis,
taking into account energy, environmental, and economic impacts and other costs, determines is
achievable for such facility . .042 U.S.C. 8 7479(3); Knodel Test., Tr. VoiA1 38:11:41:13.

67. An applicant br a PSD permit bears the responsibility when submitting its
application of addressing all the steps in the BACT analysis. Knodel Test., Tr-Xob1t19
23.

68.  The permitting authority reviews each submission and determines if the analysis
is correctlf the applicans BACT analysis is incorrect, the permitting authority modifies the
analysis to arrive at the appropriate BACT emissions limitation. In this case, Ameren should
have prepared the initial BACT analysis, but the final BACT determinationditaue been
made by MDNRwith EPA oversight.Knodel Test., Tr. Vol. 1A, 44:1845:23,53:11-54:18;

Dec. 1,1987Memoon ImprovingNSR Implementation(PIl. Ex. 1320) at
Campbell_EXP_0039928.

69. Because BACTequiresfithe maximum degree of reductioBACT rates tend to
get more stringent over time as pollution control technologies improwedtSkast., Tr. Vol.
1-B, 70:1014, 80:2381:3.

70. The EPAs Draft NSR Workshop ManuaiNlSR Manuab) outlines the BACT

analysis process used by most permitting authorities, including MBIN&lel Test., Tr. Vol.
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1-A, 48:1220, 49:2326, 50:26; MDNR Rule 30(b)(6) Dep., Aug. 10, 2018, Tr. 14@3.

71. The NSR Manual is the most commoméferenced, commonlysed guidance
document for BACT analyses in the countityis the most widehdistributed guidance relating
to NSR that is not the regulations themselves. Campbell Test., Tr.-¥oB@&4-10; see alsad.
at 88:1789:19 (Ameren expert explaining tha provides a copy of the NSR Manual to
participants in his BACT course, which focuses on thedimpn method).

72.  MDNR permit engineers rely on the NSR Manual in doing PSD reviews. MDNR
Rule 30(b)(6) Dep., Aug. 10, 2018, Tr. 14@3.

73. Determining BACT involes a fivestep top-downprocesskKnodel Test., Tr. Vol.
1-A, 50:26; NSR Manual (PI. Ex. 1190), at AREM-00544123MDNR; MDNR Rule 30(b)(6)
Dep., Aug. 10, 2018, Tr. 101:282:24, 106:4/.

74.  As part of the fivestep process, the permit applicant

a. [Step Oneldentifies all relevant control technologifs reducing the pollutant at
issue Knodel Test.,Tr. Vol. 1-A, 50:7-16; NSR Manual (PI. Ex. 1190), at AM
REM-00544123VIDNR.

b. [Step Two]Removes any technologies that areteohnically feasible fothe
project in questiorKnodel Test., Tr. Vol. 4A, 50:1724; NSR Manual (PI. Ex.
1190),at AM -REM-00544123VMDNR,

c. [Step ThreeRanks the remaining technologiesorder of control effectiveness
Knodel Test.Tr. Vol. 1-A, 50:2551:10; NSRManual(PI. Ex. 1190), at AM
REM-00544123MDNR,

d. [Step FourlEvaluates the technologies in sequence, from most effective to least

effective,andselectghe most effective technology that is achievdiz@ieed on
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energy, environmental, and economic impacts and otists Knodel Test., Tr.
Vol. 1-A, 51:11:13, 80:881:3 NSR Manual (PIEx. 1190), at AMREM-
00544123MDNR, and
e. [Step Five]Selects an emissions limitation rate based on the design and
performance of other pollution sources that have already installednirel
technologyKnodel Test., Tr. Vol. 4A, 51:1418; NSR Manual (PI. Ex. 1190), at
AM-REM-00544123MDNR.
75. Step Four of the methagives the BACT determinationfisop-downd character
becausét startswith the top control optioand moves in sequenaelesser optiondf the
energy, environmental, aneconomiampacts ofthe top optiorindicate that the technology is
fiachievable then theanalysisstops the top control igshe BACT technology If the top control
is not achievable, the next megtingent control options are considered in sequence, until an
achievable technology is settled ddtaudtTest., Tr. Vol. 1B, 53:1654:21; CampbellTest, Tr.
Vol. 4-A, 92:2025; NSR Manual (PI. Ex. PD), at AM-REM-00544119MDNR. Again, as soon
as an achievable technology is found in this sequence, the analysis stops, and that technology
determines BACT.
76. The topdown approach applies regardless of whether a plant is new or is
undergoing a modificationKnodel Test., Tr. Vol. /A, 106:2025. Under the toglown
approach, the burden of proof is on the applicant to justify why the proposed source is unable to
apply the best technology available. Dec. 1, 1987 Memo on Improving NSR Implementation (PlI.
Ex. 1320) at Campbell EXP_0039928; Knodel Test., Tr. VoA, 84:517.
77. Almost all Clean Air Act permitting agencies, including the Missouri

Department of Natural Resources (MDNR), use thedimpn method that is set forth the
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EPAG 1990 New Source Review \Wshop Manual. Campbell Testr. Vol. 4-A, 48:7-16,
90:2023; Knodel Test., TVol. 1-A, 49:21:50:1,79:2280:2.

CostEffectiveness Calculations in a "@mwn BACT Analysis

78.  Cost is one o$everal criteri@onsidered in Step 4 of the BACT process, where
applicants determine whether each control technology is achiekaiudel Test., Tr. Vol. 4A,
80:8-81:3.

79.  However, step fouof the BACT process not a search for the most cost
effective controlsnor isit a costbenefit analysidd.; Staudt Test., Tr. Vol.-B, 58:516.
Rathercost considerations are measured by what is achieviblé.S.C. § 7479(3Jin the
absence of unusual circumstance, the presumption is that sources within the same source
category are similar in nature, and that cost and other impacts thabbaweborne by one source
of a given source category may be borne by another source of the same source catjory.
Manual (PI. Ex. 1190), at ANREM-00544146MDNR; Staudt Test. Vol.-B, at 63:1464:6.

80. Similar language is found elsewhere in the NSR MamfiBCT is required by
law. Its costs are integral to the overall cost of doing businedshus, where a control
technology has been successfully applied to similar sources ur@smategory, an applicant
should concentrate on documenting significant costs differences, if any, between the application
of the control technology on those other sources and the particular source undeo ié¢Sigw.
Manual (Pl. Ex. 1190) at ANREM-00544148-MDNR.

81. MDNR specifically relies on the NSR Man@abuidance in considering the
economic impacts of pollution controls under a BACT analysis. Staudt Test., Tr-Bpb64t7
10; Norborne PSD Permit (PIl. Ex. 1180), at AEM-00503313MDNR (quoting NSR

Manual);see alstMDNR Rule 30(b)(6) Dep., at 138:2089:6, 140:22141:22 ) (MDNR witness
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testifying thatfiwhen a permit writer looks at a permit application from, for example, ficedl
utility, [] they would look towards other coéited utilities to determine the appropriate controls
and what controls are already being uged@he focus is on other sources in the same source
category, becaugbeywould face similar technical and economic circumstances. Staudt Test.,
Tr. Vol. 1-B, 64:1%19.
ii. CostEffectiveness Does Not DeterminBACT

82.  As orecriterionunder sepfour of the topdown method, applicants can also
prepare calculations of cesffectiveness. Average (or total) castectiveness measures the cost
of a control optionn annualizd coss per ton of pollution that it would reduce in a year. Staudt
Test., Tr. Vol. 1B, 57:1958:4; NSR Manual (PI. Ex. 1190), at AREM-00544153MDNR to
544154MDNR.

83. In contrast, incremental cesffectiveness compares how much each additional
ton of reduction costs as compared to anottrtrol option. Campbell Testlr. Vol. 4-A,
114:19115:7. Staudt Test., Tr. VolI:B, 92:1-14; NSR Manual (PI. Ex. 1190), at AREM-
00544158.Incremental coseffectivenesss useful when comparing technologieexi to each
other in the effectiveness rankingsovidedthose controls result similar emission rates.
Staudt Test., Tr. Vol.-B, 92:1523, NSR Manual (PIl. Ex. 1190), at AREM-00544158
MDNR (fiThe incremental cost effectiveness calculatompares the costs and emissions
performance | evel of a control optio® to thos
(emphasis added).

84. The NSR Manual cautions against oveliance on incremental cestfectiveness
in eliminating a control undent&p Four of the tojglown method. PIl. Ex. 1190, at AREM-

00544163VIDNR (fi[U]ndue focus on incremental cost effectiveness can give an impréisato
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the cost of a control alternative is unreasonably high, when, in fact, the cost effectiveness, in
terms ofdollars per total ton removed, is well within the normal range of acceptable BACT
costso); see alsdn re General Motors, Inc., PSD Appeal No-31, 10 E.A.D 360, 371 (E.A.B.
Mar. 6, 2002) (the NSR Manugblaces primary stress on the average cost magasu

iii. NSPSDo Not Fundamentally Alter the BACT Process

85.  Alongside BACT requirements, all new major sources of pollution must meet
fiNew Source Performance Standar(ldSPS). Rrsuant to Section 111 of the Clean Air Abe
EPA establishes NSPS for diffetesource categorieSee42 U.S.C. § 7411.

86. Amererts expert admitted théthe EPAsets the NSPS at rates that can be
reasonably met by all new and modified sources in a source category, even though individual
sources might be capable of lower emissionstateampbell Test., Tr. Vol-A, 98:1418.

87.  An applicable NSPS serves afflaoro for the emission limit established as
BACT. The BACT limit cannot be less stringent than the NSPS. 42 U.S.C. § 74r(@);

Columbia Gulf Transiin Co, PSD Appeal No. 881, 2 E.A.D. 824, 1989 WL 266361, at *4

(EPA 1989).

88. Asthe NSR Manual explaing[T]he only reason for comparing control optidos
an NSPS is to determine whether the control option would result in an emission level less
stringent than the NSPS. If so, the option is unaccepidiie 1190, at AMREM-00544129
MDNR (emphasis added).

89. ASimply meeting or exceeding the NSPS does riesito the correctness of a

BACT determinatiord Columbia Gulf 1989 WL 266361, at *4That NSPS set$ &loor6on

emissions does not fundamentally change the BACT process of determinihgdfiavailable

technologyo United States v. Ameren MissouNo. 4:11 CV 77 RWS, 2019 WL 1384631, at

*3 (E.D. Mo. Mar. 27, 2019{citing Columbia Gulfat *4).
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90. The topdown method was originally developed in response to concerns that
BACT analyses were inappropriately defaulting to the-##8agent and generalgpplicable
NSPS standards, without giving enough consideration to more stringent control options required
for BACT. Knodel Test., Tr. Vol. A, 47:1448:9; June 13, 1989 Statement on Top Down
BACT (PI. Ex. 1321), aCampbell_EXP_0040089.

b. FGD ScrubbersConstitute BACT for the Vast Majority of Pulverized Coat
Fired Power Plants

i. The Electric Power Utility Industry RecognizesThat FGD Constitutes
BACT

91. BACT for a pulverized codired power planggenerallyrequires eiter wet or dry
FGD scrubbers. Staudt Test., Tr. VoiB195:1-12. This trend results from the tagown
process: scrubbers are the meffective pollution controlsAs the industry has progressed, an
increasing number of plants have used scrubbers, demtimgtheir achievability in different

circumstancesSee, e.g.supraFigure 1; 1 14.

92. As Amereris Senior Director of Engineering and Project Management, Duane
Harley, explainediiTherds lots of different types of scrubbers in the market. Any one oéthos
could be considered BACT.0A&ordnhg to Hatleypdey we't .
scrubbers would be preferred in arid locations such as the West and wet scrubhers woul
typically be installed on plants that are larger than 300 MW. Harley Dep. Tr.1Ap2018,
97:598:8.

93. The electric power utility industmecognizeshat FGD constitwts BACT for
coalfired units In March 2008, the Et#ric Power Research Institypelblished a report on the
performance capability of FGD systems. Staudt Test., Tit. VB, 85:786:19;see als@upra

Footnote 3Thereport notedfiMany coalfired units must comply with the Clean Air Act
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(through New Source Review), consent decrees, or the Clean Air Visibility rules. Operators of
these units have or will have tcommit to installing FGD systems that meet the regulatory
requirements of best avai lo2d98 EPRI®Report(PlL.dEk. t ec hno
1045), at AM02699795.

94. Ameren itself has acknowledged that BACT may require FGD at Rush Island.
Specifically an Ameren presentation prepared in 2011 for the Missouri Public Service
Commission indicategsiNew Source Review lawsuit by EPA may require flue gas
desulfurization (FGD) systems or scrubbers at Rush Isi@ptil 2011 Presentation: Ameren
Missouri LongTerm Low Sulfur Coal Supply (Pl. Ex. 1009), at AD2225205.1t is well-
understood thaBACT at Rush Islandvould likely require installingcrubbers.

ii. During The PastTwenty Years, Every BACT SO. Determination for
a Pulverized CoalFired Power PlantHas Required FGD

95. The prevalence of FGD at other plants is demonstrated by databases maintained
by EPA Headquarters and RegiorEPA Headquartermaintains a RACT BACT LAER
Clearinghouse (RBLQ)ith a searchable database of BACT permit decisions made throughout
the United StateS'he RBLC cataloguepermitted technology and emissions limitatidois
individual facilities. Knodel Test., Tr. Vol.-A, 52:553:7.

96. From about 2002 until about 2015, EPA Region 7 also maintained a New Source
Review Electricity Generatg Unit CoalFired Spreadsheen its website. The spreadsheets
designed tonclude every NSR application that had been submitted across the United States. It
included information such as unit size, type of controls, and BACT limits. Knodel TestolTr. V
1-A, 34:2035:8, 52:2453:10.

97. Every BACT determination for S{&missions from pulverized cefiled power

plantsduring the past twenty yeahnss required wet or dry FGD as the required pollution control
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technology. Staudt Tesfy. Vol. 1-B, 77:2078:2.
98.  During this periodMDNR determinedhat BACT at a coalired power plantn

Southwest Missouriequires the use of FGD contrdts SG. Chipperfield v. Mo. Air

Conservation Comfn, 229 S.W.3d 226, 240 (Mo. Ct. App. 2007). As noted by the Missouri

Court of Appeals in a decision upholding MDBBACT determinationfiln general, pulverized
coakired boilers burning lowsulfur coal, such as Pa&r River Basin@RBJj coal, may use

dry FGD, while boilers burning higbulfur coals, such as eastern bituminous coal, must use wet
FGDJO Id.

99. EPA expert Jon Knodel is an environmental engineer BitA Region VII who
reviews permits for codired powerplants in Missourild. at 32:1720, 54:355:3. Based on
Knodels count, etween 1999 and 2008, MDNR issuedr air permits for coafired power
plants. Knodel Test., Tr. Vol -A, 54:2255:3. All of these required either wet or dry FGD as the
SO control technology.ld. at57:2358:2 59:1015, 59:1860:21,60:2461:3.

100. In 1999, MDNR issued a PSD permit to Kansas City Power and&igtawthorn
plant with a 3éday SQ BACT limit of 0.12 Ib/mmBTU, based on the use of a dry FGD. Knodel
Test., Tr. Vol. 1A, 59:1017.

101. In 2004, MDNR issued a PSD permit for City Utilitiggoposed Southwest
power plant with a 3@ay SO, limit of 0.095 Ib/mmBTU, based on the use of dry FGD. Knodel
Test., Tr. Vol. 1A, 55:458:2; Dec. 15, 2004 Permit to Construct (Pl. Ex. 1004);@0M34223

EPA, AM-00134224EPA, see als&hipperfield 229 S.W.3d at 240 (describing determination

of BACT rate). In doing so, MDNR explicitly found that the costs of both wet and dry FGD were

reasonable. Staudt Test., Tr. VoiB167:368:13;In the Matter of Appeal of City Utilities PSD

Permit 10/11/05 Hdg Tr. (PIl. Ex. 1177) at 16:187:16.
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102. In 2006, MDNR issued a permit for Kansas City Power and fsgatan power
plant with 30day SQ limits of 0.1 Ib/mmBTU for the existing unit (Unit 1) and 0.09 Ib/mmBTU
for the new unit (Unit 2), based on the use of wet FGD at both units. Knodel Test., TrA/ol. 1
59:1860:9; Jan. 31, 2006 Permit to Construct (Pl. Ex. 1034), at02BP365653. After these
permit limits were challenged by a third party, an amended permit was issued in 2007 with lower
SQ; limits of 0.07 Ib/mmBTU for Unit 1 and 0.06 Ib/mmBTU for Unit 2. Knodel Test., Tr. Vol.
1-A, 60:1021; July 13, 2007 Amendment to Permit (Pl. EX83R at AMEREM_JES0007121
25; Staudt Test., Tr. Vol.-B, 81:2082:13.

103. In 2008, MDNR issued a PSD permit to Associated Electric Cooperative, Inc.
(AECI) for the proposed Norborne plant with-88y SQ limits of 0.07 to 0.08 Ib/mmBTU,
based on the use ofydFGD. Knodel Test., Tr. Vol.-A, 60:2261:3; Feb. 22, 2008 Letter
Enclosing Permit to Construct (Pl. Ex. 1180), at AR#M-00503274MDNR to 3275MDNR.

104. These Missouri permit limits are consistent with those issued by other permitting
authorities for coafired power plants during the same period, all of which also required the use
of wet or dry FGD. Staudt Test., Tr. VolBl 77:2078:2.

105. For exampleAmererts expertColin Campbell testified abowat PSD permit
issued forthe following nonMissouri plants(1) In 2005,Newmonés TS power planivas
permitted foran SQ limit of 0.065 Ib/mmBTY (2) in 2007, LS Poweds Londeaf power plant
was permitted fothe same emission rate (0.065 Ib/mmBTahd (3) &o in 2M7, Basin
Electrics Dry Fork power plant ilVyomingwas permitted foan SQ limit of 0.07 Ib/mmBTU.
SeeCampbell Test., Tr. Vol.-A, 107:13108:4,131:17132:1

c. The PartiedCompeting BACT Analyses

106. During trial, the parties each presented expert testimongerningvhat BACT
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would have been at the tinleat Ameren modified Rush Islan@ased on what BACT would
have been, | can determine how much 8@eren would have emitted haccamplied with tle
law. Then, | can subtract that lower pollution amount from the é&flssions that were actually
released to determine Rush Islésiiexcess emissiorts.For clarity, | efer to this determination
asaihi st or i c B Adcordingtheacornet hisic.BACT analysisAmer ends f ai |
to install scrubbers at Rush Island resulted in 162,000 tons of excess&3ions through the
end of 2016Theexcess emissions are &asure of the harm suffered bigiRtiffs because of
Amerergs violation of theClean Air Act

107. In support of their prposed historic BACT analysiBJaintiffs presented the
expert testimony of Dr. James Staudt. Dr. Staudt has a bash#dgree in mechanical
engineering from the Naval Academy and a Ph.D in mechanical engineenmd/fissachusetts
Institute of Technology. Staudt Test., Tr. VoiB14:255:6. Dr. Staudt has decades of
experience in the air pollution control industry, first working for supply companies and then later
as a consultant on control technology issues d@eghment agencies and industry cliefdsat
5:20-11:14.Because of his work, Dr. Staudt has been familiar with the BACT requirements for

decades, and has previously been accepted as an expert BAGDissuesn United States v.

WestvacoNo. MGJ300-2602 Trial Transcript, ECF N@854 at 8:199:23 id. at 10:1211:14
108. Dr. Staudiconducted two BACT analyses using the fstep process: one to
determine historiBACT and a second to determiogrrent BACT. Staudt Test.Jr. Vol. 1-B,
49:12-50:1
109. In conducting his historic BACT analysis, Dr. Staudt consid€tgthe
engineering analyses and cost estimates prepared for Aim&uesh Island FGD stuzb

discussed above in Section, (&) vendor proposalg3) relevant BACT determinations reported
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in the EPA Clearinghousd4) contemporaneous Missouri permits for ebedd power plants,
(5) industry performance data for scrubbers, and@h8.04 lb/mmBTU SQ@performance
guarantee that Ameren obtained for the FGD system installed at its SiouxglamterStaudt
Test., Tr. Vol. 1B, 35:2336:6. 71:272:14, 76:16077:19.

110. To challenge Dr. Staudit testimony, Ameren presented the expert testimony of
Colin Campbell. Campbell is a permit engineer with a bactettggree in mechanical
engineering and ecomics from North Carolina State University. Campbell Tdst.Vol. 4-A,
39:1216. Campbell teaches courses for agency employees and permit engineers on NSR issues,
including a course ohow to doa BACT analysis.CampbellTest, Tr. Vol. 4-A, 40:9-13,
40:2441:25,88:17-89:19.

111. Campbell performed an analysis of what BACT would be for Rush Island today.
He did not conduct Aistoric BACT analysis. Instead, he assumed that historic BACT would
have been the same as current day BACT. Campbell Testol. 4-A, 94:1295:5.

112. For both historic and current BACT, Campbell testified that Ameren «aiisfy
the lawby installing DSI. According to Campbell, if Rush Island were permitted today, MDNR
would set an emission rate of 0.275 Ib/mmBTU, basea DS system with 50% S&reduction.
Campbell Test., Tr. Vol.-A, 69:1022.

113. Campbell reached this determination by 1) ranking wet FGD, dry FGD, DSI with
a fabric filter, and DSI without a fabric filter, in that order, 2) eliminating dry FGD and DSI with
a falric filter because they were too expensive, 3) calculating the incremental cost effectiveness
between wet FGD with DSI without a fabric filter, 4) rejecting wet FGD because MDNR would
find its incremental cost effectiveness too expensive, and 5) seldatingmaining option: DSI

without a fabric filter.
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114. | carefully observed and reviewed Campi@etind Dr. Staud conflicting
testimony to determine their credibility. Based in part on the following credibility findings, |
make factual findings concernin@ACT for Rush Island in Sectiol .

d. Campbellés Testimony Rejecting Wet FGDand Choosing DSIWas Not
Credible

115. Amerenprimarily relies onColin Campbells expert testimongo argue that DSI
constitutes BACTCampbelltestified thatvet FGOs incremental cogffectiveness was too
high for wet FGD to be BACTCampbell Test., Tr. Vol.-4, at 97:2198:7.Campbell further
testified that Ameren should be able to come into compliance with the PSD program without
obtaining a PSD permild. at Tr.Vol. 4-A, 132:25.

116. Before trial, the EPA madeRaubertchallenge to exclude these opinions. The
EPA argued that Campb@&Imethods were unreliable because he did not follow thestege
process laid out in the NSR manual, among other arguments. | deaiE&As motion
because | could not say that Campisedipinion was so unreliable as to be unhelpful to the trier

of fact United States v. Ameren MissouNo. 4:11 CV 77 RWS, 2019 WL 1384580, at *3

(E.D. Mo. Mar. 27, 2019However, lexplainedhat Canpbelis opinion would be more
credible if he had completed and documented thedigp process used by permitting
authorities across the countig. | noted that

[Campbelés] methods depart significantly from the figgep process used in
preparing a ermit application or supporting documents. (Campbell deposition,
filed under seal at ECF No. 9@Bat 196:1118). Most importantly, Campbell
eliminated the seconrkighest and thirghighest ranking options before evaluating
the firsthighest ranking optionAs a result, Campbé incremental cost
effectiveness compared the highest and lowest ranking options. This error violates
Campbelés own advice to permit engineers. (BACT workshop presentation, filed
under seal at ECF No. 970 at 36p In his BACT wokshop presentation,
Campbell explained that incremental cost effectivenesaildhbe performed
between thé dominanécontrol option [and] the next most stringent optinfhd.

at 3). He cautioned that incremental cost is appropriate Wbgaminant control
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options have similar average cost effectiveness numbersmilar emission rate
reductions. Id. at 5).

Id. at *2.

117. Having now hear@Campbelés testimony duringyial, | will give little weight to
histestimonybecause of flaws in his economic analysisonsistencies in his statements at
trial, andhis mischaracterization of hoMSP Sfactors into the BACT process.

i. Campbell Overly Relied onincremental Cost Effedivenessat Rush
Island

118. Campbelis BACT determinatiominges uporon his incremental cost
effectiveness analysis. Campbell rejected wet FGD because it purportedly had an incremental
cost effectiveness of $9,5@0n, well above the $6,80@n limit he inferred from reviewing
PSD permits issued by MDNRampbell Test.Jr. Vol. 4-A, 84:925.

119. Campbell did not reach any conclusions in this case about whether the average
costeffectiveness of wet FGD at Rush Island would represent unreasonable economic impacts
for Ameren. Id. at 115:8116:17.

120. As ageneraimatter, Campbel heavy reliance on incremental cost
effectiveness, without consideration of average-effstctiveness, isiconsistent wittBACT
permitting practices. The NSR manual explains fihatdue focus on incremental cost
effectiveness can give an impression thatcost of a control alternative is unreasonably high,
when, in fact, the cost effectiveness, in terms of dollars per total ton removed, is well within the
normal range of acceptable BACT costdSR Manual (Pl. Ex. 1190), at AREM-00544163
MDNR.

121. Additionally, Campbelds testimony concerning incremental cost effectiveness

was not credible fothefollowing reasons(1) heincluded norcomparable cost categories
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when comparing wet FGD at Rush Island to MO®IRast permit decision&) hecompared
themost effective with the least effective technolegyen calculating incremental cost
effectiveness(3) his cost thresholds are not supporgdthe MDNR permits he citeand @)
he ignoredhe presumption that facilities in the same source categoryezarthe same costs

122. Each of these flawwasnecessary to Campb@lldecision to reject wet FGD.
Together they demonstrate that Campbealbst analysis of wet FGD is not credible.
Accordingly, | give little weight to Campbei testimonyrejecting wet FGD

ii. Campbellés Cost Comparisonsinclude CostCategoriesNot Included
in Other PlantsOBACT Determinations

123. To calculate incremental cesffectiveness, Campbell relied on wet FG@st
estimates provided kigennethSnell Amerer@s control costs experiSnell estimated that
installingwet FGD at Rush Island woutsbst$896 million in 2016 dollarsr $1 billion in 2025
dollars. Snell Test., Tr. Vol.-B, 28:19, 28:2429:10.

124. In contrastthe EPAs experDr. Staudt estimated that installing wet FGDs at
Rush Island wouldost$582 millionin 2016 dollarsDr. Staudt baselis estimate on costs
included in Amereds engineering studiebut he subtracted a set of variable costsnally
excluded from comparative cost estimatéisder thisfovernight costmethodologyDr.
Staudtexcludedthe Allowance for Funds Used During Constructi@n AFUDC), an inflation
like metric called escalation, overhead, and property taxes. Staudt Test., TFBy&924
61:5; Tr. Vol. 2A, 25:2526:6, 28:1830:18.

125. Snelbs mst estimate differs from Dr. Stadgslestimate because Snell included
$150 million for financing® $64 million forescalation$44 million for overhead, and $22

million for property taxes. Snell Test., Tr. VokB} 57:1959:25; Ex. HW, Ex. HX.

® Specifically, Snell calculated $1%6illion in AFUDC, the financing charge incurred over the
timeit takes to complete a project. Statiést.,Tr. Vol. 1-B, 24:724; Vol. 2A, 30:1-18.
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126. Traditiondly, these costs are excluded from cost comparisons across power
plant and control technologies because they are extrinsic to the technologies themselves and
vary dramatically. For exampldifferent companies have different cost recovery rates and
executeprojects on different timeline&xcludingextrinsiccostsallows for a more consistent
way to compare costs across the industry. Staudt Test., Tr.-BoR4:724; Vol. 2A, 30:1-

18.

127. When Ameren conductats own economic analysis comparing the costs of wet
FGDs at Rush Island to others in the industrglid not include AFUDC in its estimateSee
February 5, 2010 Project Review Board Presentatidnsh Island FGD (PI. Ex. 1100), at
AM-REM-00289006.

128. Dr. Saudtts decision to removihe extrinsicexpensesor the purpose of
comparing project costsas not refuted by Snell or any of Ametewther witnesses. Snell
testified that he wanot offering an opinion as to whether or n@ @ppropriate to include
[AFUDC or escalation] costs for the purposes of a BACT anab/Sill Test., Tr. Vol. 4B,
50:4-6. fi[His] opinion is. . .the real costs that Ameren would incur if they were to install these
technologies Id. at 50:67.

129. Because Dr. Staudittestimony oncerning the appropriateness of excluding
extrinsicexpensess uncontested, and | find Dr. Staédtestimony to be credible, | also find
that Dr. Staudt correctly excludéueseextrinsicexpensesrom his BACT analysis.

130. In contrastSnell used théotal project costs, includintpe expenses Dr. Staudt
excludedto compare theostof instaling FGD at Rush Islantb the costsat facilities featured
in otherpermit determinations made by MDNR. making this comparisqrEnellshould hae

insteadrelied on he cost calculatingonventionsiormallyused in BACT determinations.
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131. When calculating incrementahd average cost effectiveness between the
various pollutioncontrol options for Rush Island, Campbell also should have excluded these
variable costs.

132. Campbelldid notask SnellwhetherSnells total costestimatesvould be
appropriate to use in conductin@ACT analysis.Snell Test., Tr. Vol. 48, 49:1325.

133. | find that it was inappropriate f@ampbellto relyon Snelés total cost
estimategor purposes of doing BACT analysis for Rusksland.

iii. Campbellés Incremental Cost EffectivenessAnalysis Was Inconsistent
With His Prior Trainings and Advice

134. To determine the incremental cost effectiveness at Rlastd|SCampbell
compared th@erton cost of FGD with the pgon cost of DSI

135. Incremental costffectiveness is appropriate BACT determinations when the
two compared technologieank directly adjacent to eacdther in their effectivenesSee

United States v. Ameren MissouNo. 4:11 CV 77 RWS, 2019 WL 1384580, at *2 (E.D. Mo.

Mar. 27, 2019)(citing In re General Motors, IncNo. 27947, 10 E.A.D. 360, 2002 WL 373983

,*9); see als®@taudt Test., Tr. Vol.-B, 92:2593:15; Campbell Test., T¥.ol. 4-A, 119:1618;
NSRManual (PI. Ex. 1190), at ANREM-00544158VIDNR (fiTheincremental cost
effectiveness calculation compares the costs and emissions performance level of a control
option to those of the next most stringent opt)qlemphasis added).

136. Additionally, the two conparedtechnologies should have similar levels of
effectiveness. Staudt Test, Tr. VoiB]1 92:2593:15.By following these rulegpermit applicants
can identify technologies that are unnecessarily expensive relative to similarly or equally
effective technlmgies. Technologies with very different effectiveness should not be used for

incremental cost effectivenesbe more effective technology is bettSeeid. at92:1523; NSR
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Manual(Pl. Ex. 1190), aAM-REM-00544158MDNR

137. Campbellignoredbothof theseconventionsFirst, ke compared the most
effective technology, wet FGD, with the least effective technology, Ti#.two are not ranked
adjacent to each other. Seconéf WGD and DSI haveo not have similar levels of
effectiveness; the two hadeamaticallydifferent levels of effectivenesStaudt Test., Tr. Vol.
1-B, 92:2593:15. Specifically, Campbell compared a wet FGD capable of achieving SO
reductions of more than 90% to a DSI system that can only achieve 50% reductions and an
emission ra¢ 5% times higher than what could be achieved by the top controls. Campbell Test.,
Tr. Vol. 4-A, 118:24119:15

138. Campbels comparison of wet FGD and DiSlinconsistent witthis own
guidelines used outside of litigatiamdthe guidelines used by othemptitioners. See
Campbell Test., Tr. Vol.-A, 117:15118:20(discussing inconsistencies between Campbell
method in this case and his training materials)

139. Campbell now purportedlfvigorouslyo disagrees that incremental cost
effectiveness should be reserved for control technologies imitasreduction capabilities.
CampbdiTest., Tr. Vol. 4A, 70:9-19.

140. Nonethelessl find Campbelis testimay onthe incremental costomparison
between wet 6D and DSko be not credible, as it is inconsistent with established standards in
the fieldand even his own past work

iv. Campbellés Cost ThresholdOpinion Is Unsupported

141. Campbell ultimately rejected wet FGD as BACT because its incremental cost

effectivenss exceeded a threshold he inferred from MDNR and other permitting autiBorities

determinationsCampbell Test., Tr. Vol.-A, 119:19120:3. Campbeél testimony on thipoint
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was inconsistent, unsupported, and not credible.

142. Specifically, Campbell testiid thatpermitting authorities across the countpd
MDNR specifically,apply afide facto line at $5,0@Mper ton forincremental coseffectiveness.
Campbell Test., Tr. Vo#-A, 61:89, 62:1922, 67:412, 119:9120:3, 121:1417. Campbell
testifiedon directthatpermitting authorities will reject control technologies above this threshold.

143. On crossexamination, howeveGampbelladmittedthatpermitting authorities
have accepted technologies witisremental coseffectiveness values ofl,000/tonld. at
120:1223.

144. Campbellalsoadmitted he was only speculatimdpen he saidiIDNR had a
threshold a$5,000. He laterestified thathelimit in Missouri was actually $6,800/tord. at
121:1821.

145. According to Campbelfour Missouri permitsupported his purportekb,800/ton
threshold: Continental, Noranda, Norborne, and Southwest. Nothing in these petuaitty
establishes thikmit. Staudt Test., Tr. Vol.-B, 93:1622.

146. Two of these permits (ContinentaidaNoranda) relate to, respectively, a cement
plant and an aluminum smelt&ermits in these source categories are minimally relégant
BACT determination at a pulverized ceakd power plantCampbell Test., Tr. Vol.-A, 111:5
113:9; Staudt TestTr. Vol. 1-B, 91:925; MDNR Rule 30(b)(6) Dep., Aug. 10, 2018, Tr.
137:24142:3.Unlike power plants, it iSivery unusual for cement plants to use FGOBement
plants havéia great deal of intrinsic S@aptur® built into their procesbecaus&G; is a wseful
ingredient in their product. Staudt Test., Tr. VeB191:925.

147. Additionally, the Norand@ermit did notdiscuss incremental cestfectiveness in

its BACT analysis Campbell admitted this fact on cross examinat@ampbell Test., Tr. Vol.
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4-A, 121:23-122:12.Therefore the Noranda permit does not support Campbellrported
$6,800 threshold.

148. For the remaining two permits (Norborne and Southwest), Campbell admitted on
crossexamination thathe incremental costffectiveness values presented in those decisions
Aididnd@ much factor into the analysisgCampbell Test., Tr. Vol.-A, 122:14123:12.

149. For the Norborne permit, Campbell admitted that M@d&ecision to select dry
FGD over wet FGD was based largely on environmental and energy impacts and not costs.
Campbell Test., Tr. Vol.-A, 123:25125:20.

150. Even if the Norborne decision had bdmsed on costs, it would not support a
finding of a $6,800/ton threshold. The incremental cost effectiveness at Norborne was
$20,218/ton, based on a 95% removal wet FGD with a 93% removal dry®iG&oss
examination, Campbell admitted that Miss@G&IBACT determination at Norborne did not
support the $6,800/ton threshold he claimed:

Q. € S otermsof whether wecan geta $6,800perton incrementatost
thresholdout of the Norborn@ermit,we card; right?
A. Thatsright.
Id. at 125:23126:1.

151. For the Southwest City Utilities permit, MDNR did not consider costs in its

determination. MDNR Rule 30(b)(6) Dep., Aug. 10, 2018, Tr. 1-428:15, 144:184;

Missouri Air Conservation 11/28/05 Decision (PI. Ex. 1007) at-@8d151141 fiHowever, Hale

agreed thatlry FGD was BACT for this particular pulverized céiaéd boiler based on his

review of the energy and environment al I mpact
consider economic impacts of costs as part of his analysis of BACT $ab) SO

152. Additionally, the applicantalculated an incremental cesffectiveness of over
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$10,000/ton when comparingwetasny FGD, t wo adj acent technol ogi e

analysis Staudt Est., Tr. Vol. 2A, 7:1-9, 24:416. The Southwest City Utilities permit does not
supportthe purported $6,800 threshold as Campbell applied it in this case.

153. Campbell pointed tonly thesefour Missouri permits to suppaitie purported
$6,800/ton thresholdNone of those permitsctually sipport that thresholdl find that
Campbelés testimonyon this issue is ndiased on established criteria to evaluate-cost
effectiveness and is notedible.

154. Ameren presents no credible evidence that MDNR or any permitting authority
will reject technologiesvith incremental cost effectiveness above $6,800/ton.

v. Campbell Disregards MDNR Practice Concerning Sources in the
Same Category

155. Campbellalso undermines his credibility by contradicting the KS$burce
categoryficost presumption.This principal of NSRpermitting holds thafin the absence of
unusual circumstance, the presumption is that sources within the same category are similar in
nature, and that cost and other impacts that have been borne by one source of a given source
category may be borne by dher soure of the same source categorfSR Manual (PI. Ex.

1190), at AMREM-00544146MDNR.

156. MDNR included the same language in a PSD permit for the Norborndiremhl
power plant. In that permiIDNR rejected an applicad attempt to rely on incremental cost
effectivenes®ver the same source category cost presumpgd@NR stated the following

[A] s per the draft cNSRWorkshopmanual fin theabsencef unusual
circumstancethe presumption ithat sources within theeme category are
similar in nature, and that cost antherimpactsthat have been borry one
source of agiven source category may be bohyeanother source of tleame
sourcecategoryo SinceAECI hasnot providedanydatawhich differentiates

this projectfrom previously permitted unitshich havelimits of 0.05
Ib/MMBTU onan annual basis, it is presumed that the costs thestemawill
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incur canalsobeincurred by AECI. Thereforetheeconomicanalysis provided
by AECI was ot consideredn selectingthe NOx limit.

Norborne PSPermit(Pl. Ex. 1180), at AMREM-00503313VIDNR (quoting NSR Manual);
see alsdVIDNR Rule 30(b)(6) Dep., d@t39:21141:22 ) (testifying thafwhen apermitwriter
looks at gpermitapplicationfrom, for examplea coalfired utility, [] they would look towards
other coaffired utilities to determinethe appropriate controls and whebntrols are already
being used).

157. Campbell claimed during his direct examination fithere is no sch
presumption in thefireal worldo Campbell Test., Tr. Vol.-A, 58:859:4. Butthis testimony
was not supported by any evidence.

158. Campbelds statemerd that the same source category cost presumgtes not
apply in the real world undermines his crediliy.

vi. Campbell Incorrectly Rejectsinformation From Power Plants
Subject toNSPS

159. Campbell testified that SBACT determinations for codired power plants
during the past couple decades are not informative for Rush Island in 2019 because they
involvedfinewod plants subject to NSPS. Campbell Test., Tr. VoA, #5:2022, 100:5102:11.

160. Campbelds decision to dregard new plants subject to NSPS is inconsistent with
the design and function of NSPS asdinsupported by the evidence presented in this &ase.
FOF 185-90.

161. Despite these features, Campbell testified that sources subject to NSPS should not
be compeed to Rush Island, because the NSPS fundamentally altered the range of options
available in a BACT determinatio@ampbell Test., Tr. Vol.-A, 75:2022, 100:5102:11.

162. There is no difference between the emissions rates that can be achieved through
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use ofFGDs at NSPSubject new units and existing units. Campbell Test., Tr. V4l 205:9
13.

163. Instead of relying on recent BACT determinations, Campbell based his testimony
on BACT determinations made in the late 1970s and early 1980s. He also consid®@d a 1
BACT determination for a CFBoiler in Hawalii to be relevan€ampbell Test., Tr. Vol.-A,
102:12104:3.

164. Campbelds testimonyon this point isnconsistent witlthe permit applicatiohe
helpedelectric utility DTE prepare foits Monroe power plantCampbell Test., Tr. Vol.-A,
104:419.

e. | Reject Campbellé Testimony That DSI k BACT for Rush Island

165. In addition to the flaws in Campbélltestimony, the following facts contradict
Campbelés claims that DSl is BACT for Rush Iskn

166. In 2008,MDNR rejected DSI foa coalfired power plant becausedid not
firepresent the upper level of 5€dntrol necessary to constitute BACTStaudt Test., Tr. Vol.
1-B, 93:2394:25; 2/22/08 Norborne PSD Permit (PIl. Ex. 1180) at REM-00503315MDNR
to 3316 MDNR (rejecting control efficiencies of up to 85%).

167. No permitting authority anywhere in the country has ever determine@S8OT
for apulverizedcoalfired power plant based on DSI. If | were to accept Camggstimony,
Rush Island wouldbe the firstpulverized coafired power plant to have BACT based on DSI.
Staudt Test., Tr. Vol.-B, 89:79; Campbell Test., Tr. Vol.-A, 97:21-98:7; Knodel Test., Tr.
Vol. 1-A, 63:2225.

168. Under atop-downBACT analysis, to arrive at his BACT determination,

Campbell would have had to evaluate and then eliminate wet FGD, dry FGD, aifidF DSthat
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order, before settling on the least effective control technology avaitatiRush Island. FOF {1
75,113

169. Campbell admitted hégave dry FGD relatively little consideration in [his]
analysis [and] didd assess its impacts in any quantitative way in Ste@dmpbell Test., Tr.
Vol. 4-A, 85:1-4. Similarly, he did not evaluate DSI with a fabric filterfiamy quatitative
wayold. at85:16-25.

170. Campbelithen comparethe very effective, more capitaitensive wet FGD with
the least effective and least expensive o@i®@SI without a fabric filterld. at 119:711.

171. The flaws in Campbédi analysisaffect the core fohis testimony that DSI
constitutes BACT at Rush Island. Campbell rejected wet FGD specifically bdgausdculated
incremental cost effectivenesass higher than a threshold he allegedly derived from BACT
permits In doing so, Campbell (1) overly retl on incremental cost effectiveness,q@)sidered
extrinsic expenses not normally included in BACT cost comparig8hsappropriately
compared the mosand leaskeffective technology, (4) dimed a cost threshold that is not
supported by the evideacand (5) disregarded consistency among pulverizedficeadlpower
plants installing FGD. Campbell also inappropriately disregarded BACT permits for power
plants subject to NSPS. | reject Campiseiéstimony that DSI is BACT for Rush island.

f. Dr. Staudté& TestimonyConcerning BACT at Rush IslandWas Credible

172. In contrast to Campbell, Dr. Stauttinducted thevell-establishedive-step
BACT determination as outlined in the NSR manual and as practiced by MDNR and other
permitting authorities.

173. Specifially, Dr. Staudt startestep fourby analyzing the most effective control

technology wet FGD Dr. Staudt evaluated the energy, environmental, and economim€osts
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wet FGD and concluded thaet FGD was achievable.

174. In coming to these conclusigri@r. Staudt relied on standards and practices
outlined inthe EPAs Draft NSR Manuakhe EPAs Cost Control Manuagnd in permits issued
by MDNR. Dr. Staudt carefully explained his methods, provided consistent testimony, and
supported his testimony wittredible evidence.

175. Ameren attempted to challenge Dr. Stasdtredibilityby arguingthat Staudt
1) overly relied on plants that had to meet the NSBH®valuatedaturalgas conversion as a
control technology througtut thefive-step process, and 8id not evaluate the incremental cost
effectiveness of wet FGD.

176. These arguments do not demonstrate that Dr. Skatgditimony is not credible.
With respect to NSPS, Dr. Stauaitnvincingly testifiedhat NSPS provides a floor that does not
fundamentallyalter the BACT determinatioistaudt Test., T\ol. 1-B, 89:2191:8; Tr. Vol. 2
A, 7:10-8:1. With respect to the natural gas conversion, Dr. Staudt elimitia¢ethatural gas
optionbecause it was a different kind ofef, and its inclusion did not affect how wet FGD was
analyzed in step foutr. Vol. 2-A, 21:6:17, 22:2323:18.

177. Dr. Staudfs economic evaluation may have been more compelling if he had
discussed incremental cadffectiveness, even BACT determinations daot specifically
requireit.

178. Still, | find that Dr. Stauds testimony is credible, helpful to the trier of fact, and
instrumental to determining what BACT was at the timRa$h Island modifications. |
heavily rely on Dr. Staué testimony when discamg facts surrounding BACT determinations

in this case.
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g. BACT Requirementsat Rush Island in 2007 and 2010
179. Staudt and Campbélland ultimately the parties in this césdid not have any
material disagreement over Steps 1 through 3 of BACT proCesspbdl Test., Tr. Vol. 4A,
97:920. The results of those analyses are identified below:

Step One: IdentifjAvailable Control Options

180. The available S©control technologies for Rush Island Units 1 and 2 include wet
FGD, dry FGD, DSIFF, and ordinary DSI. Staudt Test., Tr. VoB150:1951:1; Campbell
Test, Tr. Vol. 4-A, 50:1651:13.1 find that Dr. Stadtés and Campbéi testimony on this point
is aedible and that this is the appropriate ranking

Step Two: Eliminate Technically Infeasible Options

181. None of these control technologies can be eliminated as technically infeasible for
Rush Island. Staudt Test., Tr. VotBl 51:2452:5; Campbell TestTr. Vol. 4-A, 50:1651:13,
93:1-8; Ameren Rule 30(b)(6) Dep., Nov. 7, 2017, Tr. 5921

Step Three: Rank TechnicalReasible Options by Effectiveness

182. Wet FGD is the most effective control technologh@ut99%removal
efficiency), followed by dry FGD dbaut 95%), DSI with a fabric filter (about 70%), and DSI
without a fabric filter (about 50%). Staudt Test., Tr. VeB,114:1315:1, 52:2153:15, 16:11
17:14; Campbell TestTr. Vol. 4-A, 50:1651:13; Snell Test., Tr. Vol.-B, 5:196:3, 18:19
19:7, 50:822.

Step Four: Evaluate Most Effective Controls

183. Dr. Staudt and Campbell disagreed about the results of the fourth and fifth steps.
184. Dr. Staudt concluded that wet FGD could not be eliminated because it was
achievabletaking into account energgnvironmental, and economic impacts and other costs.

Staudt Test., Tr. Vol.-B, 54:2255:4.
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185. Campbell concluded that wet FGD could be eliminated because its incremental
cost effectiveness was unacceptably costly when compared witiB8bated aboveCanpbell
did notuse the tomlown method herdnstead Campbell eliminated the middle two optfons
becausa@ry FGD and DSFF were nofidominant control optiong.Id. at 74:312.

186. Neither Campbell nor Ameren cites to any permitting authgegymitting
applicant, permitting guide, or other authority supporting Camizbeléthod of excludingnon
dominanb control options before conducting the step four analysis.

187. In contrast, Dr. Staudt employed the-h@wvn method, as practiced by MDNR
and oher permitting authorities. Dr. Staudt evaluated the energy, environmental, economic, and
other costs associated with wet FGD.

188. Based on Dr. Staudit credible, welsupported testimony, | find thtie energy,
environmental and economic impacts of wet F@&Dnot make wet FGD unachievable. Instead,
these impacts are reasonable and comparable to the impacts experienced at other permitted
pulverized coafired power plants.

Energy Impacts

189. The evidence does not shématwet FGO energy impacts would be
unreasnable for Rush Island. Staudt Test., Tr. VeB,154:2255:4. Amerei engineering
studies determined that Ameren would not have to install powanmsive fans for wet FGD, but
it would have to install them for dry FGD or DSI with a fabric filter. ugtarest., Tr. Vol. 1B,
55:519. These fans would decrease the overall power oatphé plant

190. Ameren presented evidence that wet FGD would reduce power output at Rush
Island, due to the energy demands of the wet FGD controls. Snell Test., 4-B/&8:6-17.

Ameren did not argue that this energy demand was different from the energy demand of
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sciubbers at other pulverized cdakd power plantsAdditionally, Amerendid not present
evidence that ik energy demandould make wet FGD unachievabkes a result, the weight of
the evidence demonstrates that the energy impacts of wet FGD do nat orakehievable for
Rush Island.

Environmental Impacts

191. Relatedly, he evidence does not shawat wet FGD would impose unreasonable
environmental impacts at Rush Island. Instead, Ameren would have the environmental benefit of
producing saleable gypsum iaat of landfill waste. Staudt Test., Tr. VoiB140:1241:24,
55:2056:5;seeFOF 11 35Additionally, water limitations would not be an issue for Rush
Island, becausi is in close proximity to théMississippi River. Staudt Test., Tr. VokB, 56:6
14.

192. Ameren presented evidence at trial thvat FGD would require more wastewater
treatment antdiew mercury controls, creating marests for Ameren than DSI would impose.
Snell Test., Tr. Vol4-B, 37:2439:10.However, Ameren made no effort to explaimhihese
environmental impacts made wet FGD unachievable. Nor did Ameren suggest that these
environmental impacts are different from the kinds of impacts experienced at other pulverized
coakfired power plantsSeeNSR Manual (PIl. Ex. 1190), at AREM-00544146MDNR; Staudt
Test. Vol. 1B, 63:1464:6.

Economic Impacts

193. Finally, wet FGD would not impose unreasonable economic impacts at Rush
Island. Staudt Test., Tr. Vol-B, 56:1519.

194. Ameren openly concedes that it can afford to install scrubbers atistaistl.

Amererts contemporaneous studies confirmed that wet FGDs would be economically feasible.
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The same studies show that, from a cost perspective, wet FGDs are preferable to dry FGDs at
Rush Island. FOF 16, 31-33, 36, 38.

195. The largenumber of coafired electric generating units already equipped with
wet FGDs providestrong evidence that tloest of wet FGD ischievabldor a pulverized coal
fired power plantike Rush Island. Staudt Test., Tr. VolBl at 62:821,64:2065:7,66:1767:2.

196. Amererts engineering studies confirmed that the capital costs of installing wet
scrubbers at Rush Island would be consistent witlsdmsine by other utilitiesStaudt Test. Tr.
Vol. 2-A, 56:2057:6.

197. Rush Islandloes not have any unique characteridties wouldmake theypical
costs of wet FGDs unreasonable in this cont8tdudt Test., Tr. Vol.-B, 65:812; Snell Test.,
Tr. Vol. 4-B, 57:1518. None of Amerefs expertdhave identifiedany circumstances at Rush
Island that wouldnakethe costs to install wet FGDs at Rustand unusuatomparedo other
plants. Staudt Tesflr. Vol. 1-B, 65:812; Snell Test., TrVol. 4-B, 57:1518.

198. On the contrary, Amerém own engineers have adraitthat there is nothing
about Rush Island that makes it different from any of the other plants where FGDs have been
installed. Mitchell Dep., May 30, 2018, Tr. 81:23, 192:210.

199. For purposes of historic BACT, Dr. Staudt calculated the average cost
effediveness of wet FGD to be about $2800/ton for Rush Island Unit 1 and Unit 2. Staudt Test.,
Tr. Vol. 1-B, 57:758:22.Based on these figures, Dr. Staudt testified that wet FGD could not be

eliminated as unachievable due to cost concédnat 62:37.°

® Dr. Staudt made conservative assumptions when calculating the average cost effectiveness for
wet FGD. He based his baselemissiornrate on low sulfur coal, leading lower emissions
reductions, a larger demoninator, and a higher per ton cost. $&sidir. Vol. 1-B, 59:315,
61:1662:2.Dr. Staudtalso used capacity factor of 80%ather than 100%Staudt Test.Tr.

Vol. 1-B, 61:1662:2.
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200. WetFGD is achievable at Rush Island, taking into account the energy,
environmental, economic impacts and other costs of this technolfgg.no basis for
eliminating the top control, wet FGD, at Step Four of the BACT analysis.

Step Five: Select BACT

201. In Step Five, the permit applicant and permitting authority determine what
emissions limit can be achieved by installing the selected control technology.

202. For Rush Island Unit 1, Dr. Staudt testified that historic BACT would have been
0.08Ib/mmBTU, based on a 3fay rolling average. This corresponds to a design removal
efficiency of 91.4%. Staudt Test., Tr. VolBl 69:1322.

203. For Rush Island Unit 2, Dr. Staudt testified that historic BACT would have been
0.06 Ib/mmBTU, based on a-8fayrolling average. That would represent a 94% design
removal efficiency. Staudt Test., Tr. VotB] 69:2370:2.

204. Dr. Staudds historicBACT rates include a reasonable compliance margin and are
consistent with the rates that Ame@gengineering studies camhed would be achievable at
Rush Island. FOF $0.

205. Dr. Staudés historic BACT rates are consistent with permits issued by MDNR
and other permitting authorities during the relevant period. Staudt Test., Tr-BorQt1517,
79:6:18, 80:2381:19. FOF 199-105

206. Dr. Staudés historic BACT rates are also consistent with the design specifications
used for Amere@® engineering studies, and performance of FGDs at Ardeodémer plants. By
the time Rush Island Unit 2 was modified, Ameren already had afjplefdrm[ing] at 0.06
pounds per million Btu, so [it] knew that number could be achieveallahan Dep., Nov. 8,

2017, Tr. 201:121; see alsad. at 78:28, 84:823 (the FGDs at Ameren lllindis Duck Creek
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plant were achieving 99% removal or 0.06 Ib/mmBTU)

207. Finally, Dr. Staudis historic BACT rates are consistent with industry
performance data. In 2008 and 2011, the years after each of the modifications at issue, the top
20% of performing scrubbers in the industry were achievingr&®s, respectively, @.059
Ib/mmBTU and 0.037 Io/mmBTU. Staudt Test., Tr. VoB,182:2188:3.

208. For these reasonkfind that, at the time Ameren modified Rush Island, BACT
required S@emissions limitations at least as stringent as 0.08 Ib/mmBTU for the 2007
modification d Rush Island Unit 1, and 0.06 Ib/mmBTU for the 2010 modification of Rush
Island Unit 2, based on 3fay rolling averages.

h. Rush Islandés Excess Emission$otal More Than 162,000 Tons

209. Dr. Staudtalculatedhe excess emissions from Ameiefailure to install
scrubbersn 2007 and 2010, based on Dr. Sta@sidiistoric BACT determinations and Rush
Islandis actual emissions reported by Amererte EPAs Air Market Program. Staudt Test.,
Tr. Vol. 1-B, 99:17101:4.

210. Based on Dr. Staud testimony and the evidence at trial, | find thatererés
failure to install scrubbers at Rush Islaedulted inl62,000 tons of excess $&missions
through the end of 2016. These excess emissiomsnueat a rate of aboutcl000 tons per year,
and will be emitted each year that Rush Island operates without scrubbers. Staudt Test., Tr. Vol.
1-B, 101:59.

211. If Amerenfinishes installation of wet FGD scrubbetsRush Islanéh 2023 the
excess emissions wiibtal nearly275,000tons. Staudt Test., Tr. Vol-B, 99:17102:1.
Obviously, he sooner Amereimstallsscrubbersthe lowerits excess emissions will bligl. at

101:18102:1.
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[I. CURRENT BACT ANALYSIS

212. While the historic BACT determination was necessaraloulate Rush Islards
excess emissions between 2007 and the present day, a current BACT determination helps
identify the appropriate relief in this case. The EPA has asked (hgdetermine what
technology constitutes BACT for Rush Islaamd(2) orderAmeren topropose that technology
in its permit applicationWithoutthis relief, the EPA is concerned that Ameren will continue to
delay and oppose the installation of the appropriate pollution control technology.

213. | find thatwet FGDconstitutes BACT for Rush Island todayl also find that
BACT for Rush Island Units 1 and 2 is a8y rolling averagef 0.05 IbSQ/mmBTU. This
emission limitation is lower than the historic BACT for Rush Island because BACT rates
decrease over time due to the technoltayging nature of the requirement.

a. Current BACT Requires Wet FGD

214. Amererts and the EP& expert testimony concerning current BACT is essentially
identical to their expert testimony concerning historic BA@In behalf of Ameren, Campbell
conducted one BACT analysis used for historic and current BACT. On behalf of the EPA, Dr.
Staudt conductka current BACT analysis that had the same process and result as his historic
BACT analysis, save an updated emissions limitation.

215. The parties agree on the resultstaps one, two, and three. Additionally,
Amererts experts admitted that the réte EFA determined in Step Fiwgould be achievable

with wet FGD.Campbell Test., Tr. Vol.-A, 93:1894:3;see als®nell Test., Tr. Vol. 4B,

51:1352:16 (conceding that a desi§®; emission rate of 0.04 Ib/mmBTU is achievable at Rush
Island).

216. For the same esonsas wereapplicable to the historic BACT analysidind that
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wet FGD cannot be eliminated at Step Four of thedimpn method based on unreasonable
energy, environmental or economic impacts. FAB%200.

217. Between 2010 and the present dayyubbettechnologies, including wet FGD,
have become more prevalextpulverized coalired power plantsBetween 2005 and 2015, wet
FGD technology was installed on nearly 100,000 megawatts of pulverizefiredadlectric
generating capacity in the United S&atEOF § ¥ and Figure 1. Almost all of thatrubbed
generating capacity is at existing plants that installed scrudb®fs { ¥. Today, there are very
few units the size of the Rush Island that continue to operate without any type of FGidscontr
FOF 116, 18

218. The more widespread use of FGD scrubbers atfaeal power plantstrengthea
the argument thatet FGD isachievable today at Rush Island. As quoted by NRDNits
Norborne permitfin the absence of unusual circumstanceptiesumption is that sources within
the same category are similar in nature, and that cost and other impacts that have been borne by
one source of a given source category may be borne by another source of the same source
categoryo Norborne PSD Permit (PEx. 1180), at AMREM-00503313MDNR (quoting NSR
Manual and emphasis added)

219. Ameren presented no evidence at trial to distinguish Rush Island from the other
pulverized coafired power plants using scrubbers today. FOEJH98. The only Ameren
witness who attempted to do so was Campbell, who testified that the most unusuadteincem
about Rush Island is that itfimot equipped with a scrubber and not otherwise reduo install
a s cr ubGampbell Test.Tr. Vob4-A, 114:512.

220. The performance of scrubbers in the electric utility industry has continued to

improve wer the past decade, as illustratedrigure 3. Figure &lentifies the 1Z2month
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averaged emission rate for the top performing 50% of plants and the top performing 20% of

plants in 2008, 2011, and 2016.

Figure 3

12-month Emission Rate (Ib/mmBTU)
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221. As shown in Figure 3he average emission raehieved by the top 20% units
(57 units)in 2016was 0.024 Ib/mmBTUIn 2008 and 2011, the average emission rate being
achieved by the top 20% units was 0.059 and 0.037 Ib/mmBTU, more than 100% and 50%
higher than in 2016, respectively. Thésssndsdemonstrate significantand sustained
improvement in performandeetween 2008 and 2018taudt Test., Tr. Vol.-B, 82:2183:20.

222. In Missouri, the latan plant reflects the low emissions rates that FGD can achieve
today. Like Rush islandatan burns lowsulfur coal. Using wet FGDs since 2008, latan now
achievesemission rates as low as 0.004 to 0.006 Ib/mmBTU. Although similarensiRush
Island, latags total SQ emissions (250 tonsye a small fraction dRush Islan@ (18,000 tons).

Staudt Test., Tr. Vol.-B, 76:676:9, 84:1684:25.
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223. With respect to economic impactsmeren does not dispute that it can afford
FGDs at Rush lahd, and it presented no evidence that installing FGDs would otherwise impose
an undue financial burden on the compaR@F 137-41, 194

224. ForhisBACT analysis Dr. Staudt estimated that the capital cost of installing wet
FGDs at Rush Island would be aih&582 millionin 2016 dollars This estimate was based on
the costs calculated by Amefsrengineering studiesxcluding AFUDC, escalation, corporate
overhead, and property taxasnsistent with the standard methodology for BACT cost
calculations. Stadt Test., Tr. Vol. 1B, 59:2461:5; Tr. Vol. 2A, 25:2526:6, 28:1830:18.

225. Based on those capital cost estimates, Dr. Staudt calculated the average cost
effectiveness of wet FGDs at Rush Island to be $3,854 per ®@&0tmoved. Staudt Test., Tr.
Vol. 1-B, 58:23:592. Dr. Staudt testified that wet FGD could not be eliminated based on these
averae costeffectiveness figure§taudt Test., Tr. Vol.-A, 26:17%27:5 and his testimony is
unrebuttedAmererés BACT expert rached no opinion on whether the average-cost
effectiveness of wet FGDs at Rush Island would be considered unreasonable. Campbell Test., Tr.
Vol. 4-A, 115:8116:17/

226. According to Amereés engineering studies, this average cost effectiveness result
is consisent with costs borne by other cdakd power plants installing scrubbegeeFebruary
5, 2010 Project Review Board Presentafitush Island FGD (PI. Ex. 1100), at AREM-

00289006; Staudt Test. Tr. VokH, 23:1025:16, 56:2667:6; Ameren Rule 30(b)(®ep., Nov.

" On crossexaminationCampbelttestifiedthatpermittingauthoritiesgenerally use a
$5000/ton threshold for average ceffectiveness CampbellTest., Tr. Vol. 4-A, at 115:814.
While Campbelds testimonywas inconsistent with his prieworn depositiomestimonythat
he knew of ndirule ofthumin limit for averagecosteffectiveness(id. at 115:8116:17),1 note
tha® if credited Ca mp b e | | 6 would previdd furtben spppotihat $3,854/ton would
be considered an acceptable averegsteffectivenessor purpose®f BACT.
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7,2017, Tr. 90:®1:3.

227. | find that the average cesffectiveness of wet FGD at Rush Islandeasonable
for a pulverized codiired power plant tody. | also find that the economic costs of installing wet
FGD at Rush Island do not make w& B unachievable.

228. Additionally, | find that neither the energy nor environmental costs of installing
wet FGD at Rush Islahmake wet FGD unachievabl&meren presents no evidence
demonstrating, and | have no reasofind, that the energy and environmaintosts for a current
BACT determinatiorat Rush Islan@re any greater or less reasonable than the energy and
environmental costs forlastoricBACT determination.

b. Current BACT Requires an Emissions Limitation of 0.05 Ib/mmBTU

229. Dr. Staudt testified tt, based on selection of wet FGD, the appropriate
emissions limitation for Rush Island is 0.05 Ib/mmBBtaudt Test., Tr. Vol.-B, 70:317.

230. In 2011, Amereracceptedts consultargdrecommendation that it solicit bids for
a wet FGD system designed to meet an &Bission rate of 0.04 Ib/mmBTU, regardless of the
type of coal hrned. FOF Y 585.

231. Amererts expert Campbell admitted that 0.05 Ib/mmBTU would be an achievable
emission ratat Rush Island and a good estimate of what MDNR would set as BACT if
scrubbers were required. Campbell Test., Tr. Vi@, 83:1894:3 see als@nell Test., Tr. Vol.
4-B, 51:1352:16 (conceding that a design S#nission rate of 0.04 Ib/mmBTU is achiblaat
Rush Island)

232. An SO emission rate of 0.05 Ib/mmBTU could be achieved through use of either
wet or dry scrubbers and does not represent the lowest achi&@ldenission rate at Rush

Island. Staudt Test., Tr. Vol-B, 70:1825.
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233. I find thatwet FGDconstitutes BACT today for Rush Island and the appropriate
operating emissions limitation for this technology would be set at 0.05 Ib/mmBTU, based on a
30-day rolling average.

V. RUSH ISLAND & EXCESS EMISSIONS CAUSED IRREPARABLE INJURY,
INCLUDING INCREASED R ISK OF PREMATURE MORTALITY

234. The EPA offered evidence to demonstrate thaexcessSO, emissiongesulting
from Amerer@s decision to ignore PSD requiremecdsised irreparable injury that could not be

compensated through legal remed@seeBay Inc. v. MercExchange, L.L.(547 U.S. 388, 391

(2006). The EPA also offered evidence to demonstrate that the balance of hardships and public
interest favors injuncte relief.Seeid. Based on both partiésvidence, | make the following
findings of fact concerning the result of Rush Isi@neikcess pollution.

a. Rush Islandés Excess Pollution $ Substantial

235. SO is aregulated pollutant under the Clean Air Aaty source that releases
more than 100 tons &O; yearly is considered fimajoro source. 42 U.S.C. § 7479(kge also
40 C.F.R. 8 52.21(b)(2)(i) (same regulatory threshold).

236. Rush Islan@ annuaB0C; emissionsand its excess emissions that should have
been captured by BACT (16,000 tons per year) both far exceed this thr&shwigareStaudt
Test., Tr. Vol. 1B, 101:1013with 42 U.S.C. § 7479(1) and 40 C.F.R. § 52.21(b)(1)(i). The
annual excess pollution from Rush Island alone is equivaeéhetamount of pollution that
would be emitted bynore tharl60 sources thaach woulde consideredmajoro sources of
harmful air polution under the Clean Air Act.

b. Rushlsland& ExcessSO. Emissions CreatedHarmful PM2s
237. SO is directly emitted from Rush Island as a.gdewever, SO is not stable in

the atmosphere.\@r time all theSQ; released by Rush Island will convertfiime particulate
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matter known agéPM: 5.0 PMz sincludes allparticles that are 2.5 miaretersin diameter or
smaller. Chinkin Test., Tr. Vol.-A, 97:6-19.

238. On average, about five percent of 8@ emitted by a fatity will convert into
PMz s each hour, with a range of one to ten percent depending on meteorological variables.
Chinkin Test., Tr. Vol. 2A, 97:2098:21.PM. s pollution resulting from Rush Islaislexcess
SO; emissiondravels hundreds of miles from BuIslands smokestackChinkin Test., Tr. Vol.
2-B, 22:15109.

239. PMysderived fromburning coal and other fossil fuels is known as combustion
relatedPMz s or combustion particles. These combustion particles are generally less than one
micrometerin diamete, about the same sizss a virus. By contrast, most naturadigcurring
particles in the atmosphere are greater than ten meteysin diameter.

240. Because of their sizeombustiorrelatedPM s particles have a better chance of
getting past the body ratural defense$ M s particles are more likely to get into deeper lung
structures such as the alveoli, where they can do greater damage for more sustained periods of
time. Schwartz Test., Tr. Vol-&, 21:922:18,59:511.

241. PM2sis made up of different chemical constituemibjch react with each other
in the atmosphere. One of the constituents of comburstlaredPM s is sulfatePM. s, which
forms from SG; emissions.SulfatePMz s is one of the largesiomponent®f PMzsin the
atmosphere. Schwartz Test., Tr. VolA322:1923:10, 59:559:11.

242. Sulfate combustion particles are not puremogenouspecimensThey
chemically bind to other substances present in the outdo&@udfiatetends to combine with
metals in the atmosphere, forming compounds that magnify thenhineadth effects dPMa 5.

Schwartz Test., Tr. Vol.-3, 24:2326:13, 27:528:24;see als®/alberg Test., Tr. Vol. &,
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111:516 (conceding that the sulfate ion does not exist in the air by itself).

243. The available scientific evidence indicates that allstituents ofPM:.s are toxic
Insufficient evidencexists to determine whethany particular constituent is more toxic than
any other.Schwartz Test., Tr. Vol.-3, 23:11-13.

244. PMgsis regulated in the United States and throughout the world on a mass basis,
rather than on a constituelmy-constituent basidd. at23:2224:19, 58:239:24;see also
Valberg Test., Tr. Vol. 8, 111:1719, 113:25 (conceding tha®M. s is regulated om mass
basis, not a constituent basis).

i. Dr. Schwartz Presented Credible, WelSupported, Expert Testimony
Concerning the Health Impacts of PM.s

245. To demonstrate the health effectsPdfl 5, the EPA offered the expert testimony
of Dr. Joel Schwartz. Dr. Sefartzis a tenured professor in the Department of Environmental
Health and the Department of Epidemiology at the Harvard School of Public Health and is also a
professor in the Department of Medicine at the Harvard Medical School. Schwartz Test., Tr.

Vol. 3-A, 4:255:5, 8:1720; see alscCurriculum Vitae of Dr. Joel Schwartz (Pl. Ex324).

246. Dr. Schwartz is one of the wotklleading scientists on the health effects of air
pollution. He has published abot80 peerreviewed articles. Schwartz Test., Tr. VolA312:8
11; PI. 1324. His published research has been cited more than 60,000 times in the scientific
literature.ld. at 12:1819. Dr. Schwartz is not aware of any person who has published more
articles than he has in the field of air pollution resealdhat 13:14.

247. Dr. Schwartz performs extensive research on air pollution, teaches courses on
epidemiology, and serves as the director of the Harvard Center for Risk Analysis. Schwartz
Test., Tr. Vol. 3A, 5:6-8, 7:1310:10, 13:515:13. Dr. Schwarts research has been citedtbg

EPAIn its Integrated Science Assessments and has been relied upon by the World Health
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Organization in setting standards for air pollution. Schwartz Test., Tr. V&I15:1416:1. Dr.
Schwartz has also testified before Congress as to the health effects of air pollution, and recently
provided a keynote presentation@hl> s health effects to a World Health Organization
conference of international public health ministers. SatenTest., Tr. Vol. 3A, 16:225.

248. Dr. Schwartz has testified in federal court two times before this case. He was
received as an expert in those cakksat 18:25.

249. Dr. Schwartgs testimony is consistent with the scientific consensudtiias
harms pblic health and that there is no threshold below wRikh s does not cause adverse
health effects in exposed populations.

250. During his testimony and during cresgamination, Dr. Schward answers were
detailed, credible, and supported by an overwhelramgunt of evidence. | find Dr. Schwaltz
testimonyconcerning the health effects of PMo becredible

ii. PM2sCauses Heart Attacks, Strokes, Asthma Attacks, and Premature
Mortality

251. PMysis harmful to human health, causing numerous adverse ledfatts in
exposed populationgnhalingPM. s leads to increased risk of high blood pressure, hardened
arties, heart attacks, strokes, asthma attacks, and premature mo8elityartz Test., Tr. Vol.
3-A, 19:1820:4, 49:650:13(explaining the Americarleart Associatiogs official statement on
health effects oPMy s inhalation) 60:6-62:5 (explainingthe EPAs Integrated Science
Assessment on health effects of health effecBMf s inhalation)

252. The health effects frolRM.s are weltestablished, andheé harmful mechanisms
of PM2 s exposure have been demonstrated in many epidemiological, toxicology, and clinical
studies. Schwartz Test., Tr. VokA3 49:6-50:13, 60:662:5.

253. The effect ofPM>.5 exposure on life expectancy, heart attaeksl strokes is lib
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acute and chronjdased omshorttermandlong-term exposte, respectivelySchwartz Test., Tr.
Vol. 3-A, 49:617, 60:1861:11.

254. The harmful nature d®M>.s exposureas widely known and agreed upon.
Schwartz Test., Tr. Vol.-3, 19:1820:22, 47:624. Dr. Schwartz citedtatements frorthe U.S.
Centers for Disease Control, the U.S. Environmental Protection Agency, the American Heart
Association, the American Thoracic Society, the American Medical Association, the National
Academy of Sciences, the WdrHealth Organization, the Royal College of Physicians of the
United Kingdom, and the Unitedations Environment Prograta support his expert testimony
on this point Id.

255. The relationship between the concentratioRBk s in the ambient air and
resultirg health effects is known as a concentratiesponse function. For premature mortality,
the concentratiomesponse function indicates the percent change in mortality that is expected
from a given change iRMz s exposure. Schwartz Test., Tr. VotA3 36:4-38:2, 86:1315.

256. The scientific consensus concerning ambient Pddncentrations is that there is
no safe level below which PMis not harmful. The PM2 s concentratiorresponse relationship
has been extensively analyzed in the scientific literature ,studies of both shednd longterm
exposure td®M. s have consistently found no evidence of a safe thresi8gtiwartz Test., Tr.
Vol. 3-A, 42:1743:5, 43:2245:17, 46:1947:15, 57:1668:10, 62:663:5, 64:1124, 67:1768:10.

257. The concentratiomesponse relationship betweleM, s and mortality is linear.
Researchers havet found a population threshold for ambiéh¥l, s, including at the
concentrations experienced in communities near Rush Island. Less data exists to ddtermine t
shape of the concentratiwasponse relationship at annual ambient levels below 3 or 4

micrograms per cubic meter. However, the areas impacted by Rusldstandss emissions are

68



all above those concentrations. Schwartz Test., Tr. VAl. 33:6-39:16 64:1166:11, Schwartz
Test., Tr. Vol. 3B, 49:621.

258. Dr. Schwartz agrees with the World Health Organization that thérmis
evidence of a safe level of exposure or a threshold below which no adverse health effeats occur
from exposure t®M.s. SchwartzZlest., Tr. Vol. 3A, 57:1658:10 (discussing statement on
PM: s health effects issued by World Health Organization).

259. Dr. Schwartzs testimony about the scientific consensus concerning ke
concentratiorresponse relationshipasin part based oa 29 Integrated Science Assessment
published bythe EPA Schwartz Test., Tr. Vol.-8, 60:463:5;see generall2009 Integrated
Science Assessment for Particulate Matter (Pl. Ex. 1209Bdb2-17 (evaluatingevidence
from toxicological,controlled human exposure, and epidemiologic stadiad concluding that
PMz s causes premature mortality and other health effedisdt 675 (explaining that sherand
long-term studies of concentratisesponse relationships hal@nsistently founaho evidence
for deviations from linearity or a safe threstw)|dd. at 6158 to 6201 and 782 to 796 (further
summarizing evidence for causal determinationsfiart and longtermexposure).

260. Theevidencedemonstratinghat there is no safe threshddt PM2 s has only
increaseaincethe EPAs 2009 Integrated Science Assessment. Schwartz Test., Tr-Xpl. 3
64:11-66:11, 68:169:15; Schwartz Test., Tr. Vol-B, 49:621.

261. Interpreting more recent studies, Dr. Schwartz testified that the linear
concentationresponse function betwe®M. s and premature death has been demonstrated at
lower concentrations than befofchwartz Test., TrVol. 3-A, 64:1166:11, 68:169:15;
SchwartzZTest., Tr. Vol.3-B, 49:6-21.

262. Theconcentratiorresponse functionited by Dr. Schwartis derived from
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substantiakets of data that have been extensively analyzed in thegueewed literatureln

part, Dr. Schwartz relied onracentstudy published in the New England Journal of Mex
thatincluded approximately 500,0@hiquePM:.s concentration data points at ambient levels
between 6 and 16 micrograms per cubic meter, and 70,000 unique data points clustered between
ambientPM. s concentrations of 10 and 11 micrograms per cubiemé&he study found a

linear relationship in these two rang8shwartz Test., Tr. Vol.-3, 36:1037:12, 39:943:5.

263. Based on the nthresholdJinear concentratiomesponse relationshipr PM s,
any incremental increase M2 s exposure pragces an incremental increased risknafrtality
and other health effects in the population exposed to Rushdslexckess emissions. Similarly,
any incremental decrease in exposure produces a positive impact on public health. Schwartz
Test., Tr. Vol. 3A, 39:916, 41:1143:5, 46:1947:5, 79:1521.

264. Both of Amerefs toxicologists conceded that, if a substance is actually a no
threshold pollutant, any incremental increase in exposure produces an incremental increase in
risk in the rate of mortality. Frais@est., Tr. Vol. 4A, 28:9-15, Valberg Test., Tr. Vol.-3,
137:1419.

265. Based on (1)helinear concentratiomesponse function fd?M; s, (2) the lack of a
threshold folPM_ 5, (3) the conversion df62,000 tons oéxcessSQ; pollution intoPM. s, and
(4) the scientific consensus thBM: s increases the risk of high blood pressure, heart attack,
stroke, asthma attack, and premature mortdlfipd thatthe pollution resulting from Ameregs
failure to obtain a PSD permit has har@eshd continues to had@npublic health. Schwartz
Test., Tr. Vol. 3A, 19:1820:22, 42:1743:5, 46:1947:1, 65:1766:11, 82:18.

iii. Dr. Fraiser& and Dr. Valberg®s TestimoniesWere Not Credible

266. In contrast with Dr. Schwart Defendantétestifying expertPr. Lucy Fraiser and
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Dr. Peter Valbergrovided testimony thats inconsistent with and not supportedtbg scientific
consensus oRM. s human health impacts

Dr. Lucy Fraiser

267. Dr. Fraiser is a toxicological consultant who spends about 85% of heotime
litigation support. Fraiser Test., Tr. VokA} 23:37.

268. Dr. Frasier has not written any paerviewed publications or performed any
original research on air pollution. Fraiser Test., Tr. VoA,£2:21-23, 23:1416.Dr. Fraiser has
written five publications concerning the effects of cancer drugs based on her dissertation work,
the last of which was publishedimost 25 years agn 1995.1d. at 22:1420.

269. Attrial, Dr. Frasier testified th&M: s concentrationbelow theNAAQS do not
causeactual adverse health effecBr. Frasiets other opinions primarily flow from this
assertion. This testimony contradithe EPAstatementand congressional reports regardihg
NAAQS. Compard-raiser Test., Tr. Vol.-A, 24:1825:12with, e.g, H.R. Rep. 95294 at 112
(quoting National Academy of Sciences, Summary of Proceedings: Conference on Health Effects
of Air Pollution (Nov. 1973)H.R. Rep. 9894 at 111.

270. The House Report concerning the NAAQS statesiijatthe absence of
evidence to the cordry, for a population of various stages and initial states of health, no
threshold should be stipulated below which expossin@imless. Instead, the response to
exposure should be assumed to be directly related to successively greater or lesseationsentr
of the toxicmaterials and the level of resistance of those expobeR. Rep. 95294 at 111.

271. In the publication of the 2013 National Ambient Air Quality Standards, the EPA
stated thafithere is no discernible populatibevel threshold below whiteffects would not
occur, such that it is reasonable to consider that health effects may occur over the full range of

concentrations observed in the epidemiological studies, including the lower concentrations in the
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latter years) 78 Fed. Rg 3086, 3098311819, 3148 (Jan. 15, 2013).

272. Dr. Fraiser concedes that her opinions are contrary to the determinations of the
World Health Organization, the American Heart Associatiba,EPA and other mainstream
scientific organizations that have concluded il s is a nethreshold pollutant that causes
increased mortality. Fraiser Test., Tr. VolA426:6-33:25.

273. Dr. Fraiser also admits that the NAAQS do not guarantee zerddisk25:13
23.Instead, she argues that concentrations btheMAAQS fiare not an unacceptable rigkd.

274. Dr. Fraiser is noa statisticianld. 21:1822:6.Dr. Fraiser performs quantitative
risk assessments, but she did not perform a quantitative risk assessment in thdsata24:.69.
Dr. Fraiser reviewethe EPAs health impcts modeling in this case, ther opinion is primarily
based on her interpedton of the NAAQSId. at 24:1022.

275. Dr. Fraiseés direct criticism othe EPAs health impacts testimony is outside of
her area of expertise. For examie, Fraisercriticized the epidemiological literature on health
effects ofPMz 5, stating that confanding factors undermine these studies. Howeéerf-raiser
is not an epidemiologist and has never performed an epidemiological study. Fraiser Test., Tr.
Vol. 4-A, 21:1821. Dr. Fraiseds bare assertiothatfinnumerable potential confounding factrs
marthese studies not credible. ManyM: sstudieshaveanalyzd the effects of confounders
andfoundthat they do not undermine the epidemiologreaultsof these studieCompare
Fraiser Test., Tr. Vol.-B, 71:2272:3with Schwartz Test., Tr. Vol.-3,, 69:1676:15;see also
2009 Integrated Science Assessment for Particulate Matter (Pl. Ex. 126®) &xplaining that
thatPM: s fihas been shown to result in health effects in studies in which chance, bias, and
confoundingcould be ruled out with reasonable confidenc29 (summary of causal

determinations for shetermPM. s exposure), 2.1 (summary of causal determinations for long
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termPMz.s exposure).

276. Dr. Fraiseralso testifiedhat more recent epidemiological studsé®w
uncertainty betweeRM: s and mortality effects at levels below the NAAQ®er testimony on
this pointis contradicted byhe very studies she referenc&xplainingthosestudiesthe EPAs
2018 draft Integrated Science Assessment states:

A numberof recentstudieshaveconductedanalysedo informthe shape of the
concentration responselationshipfor the association betweésng-termexposure to
PM, s and mortalityandaresummarizedn Table 117. Generallythe results of these
analyss continue to supportlmear, nethreshold relationshifor total, nonaccidental,
mortality, especially at loweambientconcentrations dPM; 5, i.e., less than or equal to
12 microgramspermetercubed. Lepeule, et al. 2012; Di, et2017 C; and Shi, et al.
2015 observed linear rireshold concentration responstationshipdor total

nonaccidentamortality with confidencan therelationshipdownto a concentration of
8, 5, and Gmicrogramgespectively. Figure 1122.

[ €]
Similarlinear nethresholdconcentratiomesponse curves weobserved fototal
nonaccidentainortalityin otherstudiesChen, et al. 20164art, et al. 2015; Thurston,
et al. 2015; Cesaroni, et al., 2013.
Fraiser Test., Tr. VoK-A, 19:1521:17 (quoting fronthe2018 EPAIntegratedScience
Assessmeror ParticulateMatter (ExternalReview Draft),Section11.2.4, at 1481). These
contradictions make Dr. Fraigertestimony less credible
277. For all these resons, | give little weight to Dr. Fraigsrtestimony. Specifically, |
find her testimony less credible because (1) she has no expertise in epidemiology and statistics,
two areas on which she opines, (2) she hapulaliished original research regardihg health
impacs of air pollution (3) her NAAQS opinion contradicts the scientific conserdmitthe
lack of a human health population thresholdAM:. 5, ard (4) she mischaractergéhe findings

of recent epidemiological studies.

Dr. Peter Valbey

278. Dr. Valberdgs opinionsalso conflict with the generally held scientific consensus
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onPMzs.

279. Dr. Valberg is a toxicologist at Gradient Corporation, where he has provided
litigation services as an expert witness since 188i@ation consulting constites betweed0%
and60% of his time. Valberg Test., Tr. VokA 98:20:100:15.

280. As part of litigation consulting, Dr. Valberg has provided testimony on behalf
Clean Air ActDefendantsn which he has unsuccessfully offered the same opinions he offered
in this caseln aClean Air Act case concerning excé&3 emissions released by an illegally
modified plantDr. Valberg testified that the resultiftM>.s caused no harm to human health
based on his opinion that sulfate particles are harmless. ValbergTre$tol. 5A, 103:4

104:25(referring toUnited States v Cinergy Cor18 F.Supp.2d 942, 950 (S.nd. 2009)8

281. TheCinergycourtfound thatDr. Valberdgs opinions were contrary to mainstream
science. In rejecting Dr. Valbdigjopinions, thatourt concluded his opinions werérainority
viewo that is contrary to thabulk of the scientific literature on tseibject [that] concludes that

PMz s has significant effects on human healtlunited States vCinergy Corp. 618 F.Sup.2d

942, 950 (D. Ind. 2009).
282. Dr. Valberg has also provided expert witness testimiongbacco litigationHis
opinionsin tobacco casdsavedepartedrom the scientific consensas well Valberg Test., Tr.

Vol. 5-A, 102:9103:3;Geanacopoulos v. Phillip MorrldSA Inc, No. 986002, 33 Mass.

L.Rptr. 308, 2016 WL 757536, at *9 (Mass. Dist. Ct. Feb. 24, 2G108) Valbergs analysis of
the data provided by the published studies was shown to be inconsistent and contrary to the

consensus of the scientific commuri)y

8 The Cinergyopinion at618 F.Supp.2d 94®as reversed by the Seventh Circee623 F.3d
455 (7th Cir. 2010). | cite th@inergyopinion at618 F.Supp.2d 94%everal times in this
memorandum opinion. These citations are for propositiatgid not form the grounds for the
Seventh Circuitds reversal
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283. In addition tolitigation consulting, Dr. Valberg also provides consulting services
to parties who want to comment on EPA regulatory proceedings. Valberg Test., TRA/ol. 5
119:58.

284. Dr. Valberg submitted commentsttee EPAon behalf of the Utility Air
Regulatory Goup (UARG), a group of electric generating utilitias well as other industry trade
associationsin those comments, Dr. Valbeaggued against loweringM. s standards. Valberg
Test., Tr. Vol. 5A, 125:22126:20;see78 Fed. Reg. 3086, 3111 (Jan. 2813) (Def. Ex. AS).
These commeniacluded the same views expressed by Dr. Valberg in this litigatteemEPA
rejected theomments and extensivedxplained its reasons for rejecting theBeeid. at 3111
3120

285. The EPA specifically rejected Dr. Vallggs testimony on the following points:

(2) thatthe causal relationship the EPA found betwedfr s and human health impadssnot
credible id. at 311213; (2) thattoxicological andepidemiologystudies indicate a lack of
ficoherence odbiological plausibility) betweerPMz s and human health effecid, at 31143);

(3) thatobserved health effects PMz s are due tdgiconfounding variablesid. at 3115 and are
biased by exposure measurement erdorat 3118 (4) that theEPAG nothreshold

determination is not crediblal. at 3119; and5) thatPM. s should be regulated on a constituent
by-constituent basis rather than on a mass pidsiat 3119.

286. Dr. Valberg also previously submitted comments criticizlmEPAG 2009
Integrated 8ience Assessment. Valberg Test., Tr. Vel,5119:920. In those comments, Dr.
Valbergarguedthe evidence was too weak to support the conclusioPt¥at is harmful On
that basis, he urged the EPA to reconsider its determinatioRNhatexposure causes adverse

health effects. ThEPA rejectedhese commentsValberg Test., Tr. Vol.-A, 119:25121:22.
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iv. The Evidence Does Not Support Amereis Argument that Rush
Island® Excess Emissions & Harmless

287. Basedn parton Dr. Valbergs and Dr. Fraisés flawed testimonyAmeren makes
five arguments why Rush IslaéBlExcesSO; emissions are harmless. Ameren argues (1) that
PM s concentrations below NAAQS do not posesi to human health, (2) that sulfda®l s is
not toxic, (3) that epidemiological studies have too much variation and uncertainty to show a
linear, nethreshold concentratieresponse function fd?M: s, (4) that incremental changes
smaller tharthe EPASs Significant Impact Levels (SH) are meaninglesand (5)that modeling
performed on behalf of the EPA in this litigatiorfjjg]ncertain, [o]verstated, and [u]nrelialié.
will discuss the firsthreearguments herand thefourth andfifth argumensg when addressing
facts abouthe EPAs modeling’

The EPA Does Not Guarantee No Human Health Impacts Due 1@ Ebhcentrations

Below the NAAQS

288. Pursuant to the Clean Air Act, the EPA mustteeNAAQS at levelgithe
attainment and maintenansewhich in the judgment of the Administrator,.allowing an
adequate margin of safety, are requisite to protect the public be&lthl.S.C. § 7409(b)(2).

289. Based on this language, Ameren argued througheutial thatthe NAAQS are
protective of huran healthand that any?M. s concentration belowhe NAAQS would not pose
a meaningful risk of harm to human health

290. The structure of the Clean Air Adhe EPAs statements concernitige NAAQS,
and the scientific consensus concerritMp s refute thisargument.

291. Pursuant to the Clean Air Act, pollution sourcesitieas with air quality meeting

%In its proposed findings of fachmerenalso presents two other arguments that are really
subsets of the first argument (concerning NAAQS) and the fourth argument (concerrgng SIL
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the NAAQSmust obtain PSD permits and must install BACT. When Congress added the PSD
elements of the Clean Air Act, it acknowledged that reducing pollution irattamment areas

was insufficient to meet the lofty goals of the Clean Air AdeEnvtl. Def. v. Dule Energy

Corp, 549 U.S. 561, 5688 (2007).Under this framework, neither Congress nor the EPA has
characterizethe NAAQS aseliminating all risk or all human health impacts. In fact, Améen
expert Dr. Fraiser admitted that the NAAQ®& not establish zerorisk thresholdFOF 264

292. Instead of referring tthe NAAQS as a zeraisk, zereimpact threshold, the EPA
has repeatedly stated tliRi¥l> s has no known threshol@eeFOF 271 Dr. Schwartz relied on
the EPAs statements when testifying that thee&r concentrationesponse function fd?Ma s
extends to concentrations below NAAQIS.

293. NAAQS attainmentoes not negate all the other evidence demonstrating human
health impactef PM. 5, as Ameren argueff this argumentere true, then no human liba
impacts would ever agsfrom ambient air pollution acroise United Stategxcept fodimited
parts of California.

294. For these reasons, the evidence does not demonstrateethNAAQS establish
zerorisk, zereimpact threshold, below which no humhealth impacts are meaningful.

The Toxicity of Sulfate PMs Cannot be Differentiated fro@ther Constituents

295. The scientific community has not determined whether sulfates are any less or
more harmful than any other constituenPdfl. s. FOF 243 Nonetheless, Ameren argues that
sulfatePM. s is harmless. Dr. Valberg has unsuccessfoibde this argumemto the EPA on
behalf of other clients. Valberg Test., Tr. VolA5122:23123:19.

296. Neitherthe EPAnor Congress hatetermined thasulfatebased particulates

should be excludeflom the totalPM. s mass when evaluating the health effect®idb.s.
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Valberg Test Tr. Vol. 5A, 111:1719, 113:25.

297. The consensus scientific opinion is thatRl> s particles are toxic, including
PMz s derived from power plarBO; emissionsResearchers have not been able to determine the
precise relative toxicities of differeRM> s constituents.n the absence of consistent evidence
that any constituent has a different impact, the scientific community treats particles from all
sources, including sulfates, as having the same toxicity. Schwartz Test., TrA/@&33L1-13,
23:22-24:19, 58:239:24; Tr. Vol. 3B, 34:2235:13, 39:122.

298. The EPAs Federal Registétotices announcing thieM. s NAAQS in 2013and
2006cite evidenceof sulfate PM s0s toxicity. See78 Fed. Reg. 3086, 3123 (Jan. 25, 2013)
(Def. Ex. AS); 71 Fed. Reg. 61,144, 61,163 (Oct. 17, 2006). The 2006 Federal Register Notice
stated thaii[iln short, there is not sufficient evidence . . . to suggest that any component should
be eliminated from the indicator for fiparticles. The Staff Paper continued to recognize the
importance of an indicator that not only captures all of the most harmful components of fine
particles (i.e., an effective indicator), but also emphasizes control of those constituents or
fractions, intuding sulfates, transition metals, and organics that have been associated with health
effectso 71 Fed. Reg. 61,144, 61,168ealso62 Fed. Reg. 36,652, 38,666 (July 18, 1997)
(noting thatfithe available scientific information does not rule out anyadrtkese components
as contibuting to fine particle effect.

299. The World Health Organization has singled out combusttatedPM; s as
consistently demonstrating toxicitgombustiorrelatedPM: s includes the sulfatBM, s created
by Rush Islan@ excess emissienSchwartz Test., Tr. Vol.-3, 58:2359:24.

300. | find that sulfate®Mz 5 is harmful andcontributes to the negative human health

impacts ofPMz.s noted above.
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Dr. Schwartzs Testimony Concerninigealth Impact®f PM, 5 Based on

Epidemiological Studies, is Credible

301. Ameren seeks to discredit Dr. Schwéstiestimonyby pointing to variation in the
results of epidemiological studies anétaanalyses of those studieSeeAmererts Propose
Findings of Fact, ECF No. 10, at 1 16@®9. For example, Ameren discusses the results of
seven studies used to inform a Regulatory Impact Analysis in Califédnaome of those
studies found a positive, but statistically insignificant sjape found a positive, insignificant
slope and some of the studies found a positive and statistically significant slope. Schwartz Test.
Tr. Vol. 3-B, 22:1826:14.

302. In his testimony, Dr. Schwaidz explained that variability among different
studie$statigical significance does not thwart his analyses. Dr. Schwartz included studies such
as these in his metmnalyses, because thetaanalyses incorporate the findings of vast amounts
of data and publications to determine the overall trend. Dr. Schwarthissemst recent, most
comprehensive metanalysis when determining the concentratiesponse relationship for
PMz 5, as applied to this cade. at 23:1924:8.

303. Schwartz also demonstrated a vast knowledge of these underlying publications,
explaining theconditions and results of studies when questioned about teat 22:2526:25.

304. For these reasons, the variation in some epidemiological studies does not
undemineDr. Schwartés testimony concerning theealth impacts oPMz s.

c. Rush Island®s Excess Piution Affects the Entire Eastern Half of the United
States

i. Plaintiff & Experts Presented Detailed and Credible Modeling Results
305. To quantify the human health impacts of Rush Istamccess emissions, the EPA

presented photochemical grid modeling results. Chinkin Test., Tr. \&yl12:2330:16.
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Photochemical grid modeling is a computer modeling technique that tradkatdand
transpord of air pollution in the atmosphereamelyhow pollutants chemicallghange and
wherethose pollutants travel. Chinkin Test., Tr. VolB225:1517 (describing théfate and
transpord of pollution as an assessmenthbw air pollution is formed and mowas

306. MostSO released from a power placdnverts tdPM. s before eing deposited in
the environmentChinkin Test., Tr. Vol. A, 99:914. The rate at whicl$0; is converted into
PMz s varies between about 1 percent and 10 percent per hoig fstier in warmer and more
humidweatherand slower in cool and dry weath@hinkin Test., Tr. Vol. 2A, 97:20-98:16.

307. The variation irthis ratedoes nosubstantially changghe ultimate volume of
PMz s resulting fromthe SO pollution. Under certain circumstances the conversion process may
take longer Slightly moreSO, may bedeposited if conversion rates are slower, but most of the
SO that remains in the atmosphere will be convertdeib s. Chinkin Test, Tr. Vol. 2-A,
97:2099:23;see alsd@hinkin Test., Tr. Vol. 2B, 30:216. In generalthe SG; emitted in the
center of the country will transform inRM s before it is blown out to sea. Chinkin Test., Tr.
Vol. 2-A, 100:69.

308. The EPA hired expelttyle Chinkinto conduct atmospheric fate and transport
modeling based on the facts in this case. Kihirs an expert in atmospheric air quality
modeling, air pollution fate and transport analysis, and air quality measurements. Chinkin has
more than 40 years of experience working with photochemical maddielsas used those
modelsto analyze air qualityssues ranging from singt®urce impacts for private clients to
regulatory analyses for state and federal agenc€i#snkin Test., Tr. Vol. A, 91:1693:1,
94:1420; Chinkin Resume (Pl. Ex. 1322).

309. Chinkin used a photochemical model called CAtdxestimaée the impact of Rush
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Islands excess pollution on downwind areas. CAMx is a reliable,-sfeatee-science, peer
reviewed computer modeling program that is regularly used by both industry members and
government regulators. Chinkin Test., Tr. VeB24:12-5:20,9:1522.

310. Modelslike CAMx are used by air quality scientists, facility operators, and
regulators to evaluafd) the impact of a single soui@epollution on the surrounding area,(8)
the downwind effect of an entire sté&gollution portfolio The EPAhas long used air quality
modelinglike CAMXx to assess the public health benefits associated with proposed rules and
regulations. Chinkin Test., Tr. Vol:B, 6:137:7.

311. Toisolate the air quality impact from Rush Isléndxces$O; pollution, Chinkin
used a standard analytic technique known iagitlh and without analysié He ranthe
photochemical grid modélvice, once in @base caseand again in &controlled casgscenario.
In the base casthe inputdnclude the countids enissions profile ananeteorology (wind,
humidity, temperature, etcand the outputs are meant to replicate the ambient air quialihe
secondcontrolled casscenario, the model setup remains unchamegedpt the emissions from
one sourc@ Rush Islan@ are reduced to account for the installation of pollution controls,
specifically wet FGDThe differences in modeld@M: s air quality concentrations between the
two models are attributable to the differenc&@ contributed to the atmosphere from the
examined source. Chinkin Test., Tr. VokR, 8:3-9:9.

312. Photochemical modeling is tirmnsuming and expensiv@AMXx dividesthe
continental United States into-kilometersquare grids and then twerftye planes of grid
squares stackagpon eaclother, resulting in nearly 2.5 million cubic cella each of theecells,
the model examines tle®ncentration and influx atmospheric constituents, calculates

chemical reactions, arguantifies the resulting mattsitransport intcneighboring cellsThe
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model repeats these steps at-{fimmute intervals until it calculates an entire ysavorth of
reactions and physical transpdtcause of the immense breadth of data and sieyped
calculations that are performadpdeling a year of pollution ef€ts in CAMxcan take weeks.
Furthermore, developing the inputs for CAMX, including a verified and reliable emissions
inventory, can take months. For these reasmagleling more than a single yé&aworth of
emissions is often impracticable. Chinkin Tg$t. Vol. 2B, 9:2310:14.

313. A modeled year of results can be useful for estimating emissions impacts for other
years, provided that ygarweather and temperature data are fairly representative. In 2011, the
weather and temperature data wengresentatie oftheweather and temperatutdatafor the
period Chinkin studiedSpecifically 20116 weather and temperature data were close to the
median for years 2007 through 2016. For this reason, Chinkin chose to run the CAMx model for
the 2011 emissions and taerological data setsChinkin Test., Tr. Vol. B, 29:930:16

314. Although it is affected by temperature and other parameters, the relationship
between th&0O, concentrations anéM. s formation is linear. As a resuthe modeledPM: 5
concentrationfor 2011can be scaled up or down on a percentage tiasgimateair quality
impacts for other years. These estimates will not be perfectly accurate, but choosing a
representative year such211 decreases the overall bias and allows a larger timespan of
emissions to be estimated without unnecessarily increasing litigation €bstkin Test., Tr.

Vol. 2-B, 29:1824;see alsad. Tr. Vol. 2-A, 98:2299:8.

315. Modeling outputswill not perfectlymatch monitoring dataAny given monitor
provides goint measirement of air quality at its location contrasta photochemical grid
model returns average air quality concentration values forsgjd@rekilometer areaSome of

the locations withithe modeled 1-Rilometergrids will have higher concentrations,chothers
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will havelower concentrations. Neverthelesesmparing base caseodeling results tononitors
helps gauge whether the model is accurate. Chinkin Test., Tr.80I12:317:7.

316. Chinkinds base case model perfornfexkceptionallp well when compared
with national monitoring networks, with error and bias measures well within industry
standards for providing reliable results. Chinkin Test., Tr. \/d@, 27:818.

ii. The Model Predicts Rush Islands Excess Emissions IncreasdeiM2 5
Concentrations Across the Entire Eastern Half of the United States

317. The CAMx modelingChinkin performed indicates that Rush Isl@eéxcess
pollutionimpacts the entire Eastern Unit8thtes.Chinkin Test., Tr. Vol. 2B, 28:715.

Amerers own modeling exgrt, Ralph Morris, admitted that photochemical grid modeling
showedexcess pollutiofirom Rush Islandmpacted PMs concentrations in Pennsylvania,
Michigan, Louisiana, and even Florida. Morris Test., Tr. VoA, 5:2-17.

318. The impact of Rush Islaisl ex@ss pollution depends in part on the wind and
weather.See, e.g.Chinkin Test., Tr. Vol. 2B, 23:1825:7; Model Results Maps (PI. Exs.
137376).

319. On some days, the pollutilargest impact on air quality occurs relatively close
to the plant. For exaphe, as shown in Figure 4, on August 18, 2011, CAMx modeling shows
Rush Island excess pollution contributed as much as 2.25 figgrambient PMs
concentrations in the greater St. Louis afgahe same time, some of the excess pollution was
predictedto extend hundreds of miles furtherarband stretching from Kanstsnorth ofthe
Great Lakes. When describing this result, Chinkin testifigsie been doing this for 30 plus
years. That is a very large impaltts one of the largesble seen from a single source on a
single dayo PI. Ex. 1369; ChinkiTest., Tr. Vol. 2B, 17:2320:2 (emphasis added).

320. On other days, excess S@pllution from Rus Island has its greatest air quality
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impact hundreds of miles away. For example, as shown in Figure 5, on March 15, 2011, air
guality modeling indicates Rush Islasdxcess S£predominantly affected air quality to the
southwest of the plant. The largesntributions for that day measured more than 0.02 }ighd
occurring around Houston, Tex&eePIl. Ex. 1372. Regarding this result, Chinkin testified:
fi{CJonsidering i6s one source and [the pollution has] now traveled hundreds if not a thousand

milesaway, thads a very large impactChinkin Test., Tr. Vol. 2B, 22:2109.

Figure 4
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Pl. Ex. 1369 (described at Chinkin Test., Tr. VeB.217:2320:2).

321. On more than 250 days in 2011 (70% of the days in the year), Rushidsland
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excessSQ; pollution contributed mar than 0.1 pg/rhto downwindPMe..s concentrations.
Chinkin Test., Tr. Vol. 2B, 26:1415.

322. During more than 90 days in 2011 (25% of the y&amd abouhalf of summer
days$d Rush Islané excess pollution contributed more than 0.25mibto downwindPMaz.s
concentrations. Chinkin Test., Tr. VokB 26:1520.

Figure 5
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PIl. Ex. 1372 (described at Chinkin Test., Tr. VeB,22:219).
323. Compiling daily impact results into a single map and averaging the results
provides a view of the annuaverage impact from Rush IslasdExces$O; pollution onPMa s

concentrations. As seen in Figure 6, the area affected by RushistaioesSO; pollution
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extends from the Gulf of Mexico to the Great Lakawslfrom the middle of Kansas to the

Atlantic coast

Figure 6
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Pl. Ex. 1364 (described at Chinkin Test., Tr. VoB,27:1529:8).
324. The model predicted that at least one grid cell would Rdwes concentrations
0.057 pg/m3 greatewhen averaged thughoutthe entirety of 2011ChinkinTest., Tr. Vol. 2B,

27:1529:8
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d. Results of Two Different Models ®ow Rush Islandd Excess Emissions
Increased the Risk of Hundreds to Thousands of Premature Deaths

325. Plaintiffs presentetivo independent quantification methods to meatwéharm
from Rush Islan& excess pbition. The firstmethodrelies on the results of a pe&viewed
risk assessmewtf 407 power plants, including Rush Islarmiblished by Dr. Schwarin 2009
Schwartz Test., Tr. Vol.-3,, 88:11-:89:18.The secondanethodrelies on the CAMx air quality
modeling performed specifically for this casetbyh e  eRpAr6Chinkin.

326. Both risk assessments modekd. s transport and concentratiamambient air
Using those concentrations, thestimatel prematuredeathsan the exposegopulation In doing
so, both assessmerigpliedthe sameapproactused by public health agencies to quantify the
risk of premature mortalities from exposurePigl s, including the U.S. Centers for Disease
Control, the World Health Organization, the National Acag@®f Sciences, and the EPA.
Schwartz Test., Tr. Vol.-3, 83:6-:87:9.

327. As described below, the models differ based on how they calculate concentrations
and exposure. Despite these differences, the models showed consistent, comparable results
among each othe

i. Dr. Schwartz Published a PeeiReviewedQuantitative Risk
Assessment for Rush Islan@& SOz Emissionsin 2009

328. Unrelatedto any litigation,t h e seRpArdDr. Schwartz previously-anithored
a peetreviewed, quantitative risk assessment of emissiams doatburning power plants,
including Rush Island. That assessméudtcertainty and Variability in HealtRelated
Damages from Codtired Power Plants in the United Stabesas published in 2009 in the
scientific journalfiRisk Analysiso Schwartz Test.Tr. Vol. 3A, 87:1791:5.

329. Dr. Schwart#s 2009 risk assessment modeBsob and resultind®M. s pollution
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using a pollution transport model known as a reddoett model The reducedorm modelwas
calibrated to ensureonsistencyvith actual monitoring da. Schwartz Test., Tr. Vol.-3\,
89:1990:10.

330. Reduced form models are commonly used in the scientific community to perform
guantitative risk assessmerfsr instance, the National Academy of Sciences has used the
reduced form model in performing similask assessments, and cited Dr. Schv@ar2009 study
in doing so. Schwartz Test., Tr. VokA3 90:11-19.

331. Dr. Schwartzs 2009 risk assessmectlculated5% confidence intervals and
incorporateduncertaintiebothfor the modeledM. s exposure estimates as welltas
conceftrationresponse relationshigschwartz Test., Tr. Vol.-3,, 91:1194:21.A 95%
confidence interval meartgere is a 95% chantleat the number of premature deaths that
occurred as a result of excess pollutionsfall the rang&dentifiedin a given study. There is a
remaining 5% probability (2.5% above the interval and 2.5% below the interval) that the number
falls outside thedentifiedrange.ld.

ii. Dr. Schwartz Also Quantified RiskBased on Chinkintss CAMX
Modeling

332. Dr. Schwartz also performed a second quantitative risk assessment based on the
results of Chinkigs air quality modeling in this case using the CAMx model. Schwartz Test., Tr.
Vol. 3-A, 95:5-95:14.

333. To evaluate impacts on premature mortality from the CAMx air quality
concentrations, Dr. Schwartz relied on the mostaigate concentratieresponse function for
PM s available in the literaturddr. Schwartz paired that concentrati@spons functionwith a
reliable and peereviewed EPA risk assessment tool knowifiBsnMAP.0 BenMAP includes

population and baseline mortality data for the entire country, including the areas impacted by
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Rush Islan@ pollution. Schwartz Test., Tr. Vol-/&, 95:1596:17.

334. Dr. Schwartalerived the specific concentratioesponsérom apublished peer
reviewed metanalysishe ceauthored. The metanalysisncludedall data points published by
over 50 longterm epidemiological studiewith the goal of creating the bestrrentfunction
Metaanalysisis fithe standard approach for trying to integrate multipldist . . . and come up
with .. . the best estimateSchwartz Test., Tr. Vol.-3, 96:2-11, 97:3100:17.

335. Dr. Schwartés metaanalysis included 95% confidence intervafecting
uncertaintyin the calculated® Mz s concentratiorresponse relationship. These confidence
intervals are narrower than those derived in Dr. Sch@aP209 risk assessment, because the
metaanalysisncorporatedesultsfrom millions of studyparticipants. Schwartz Test., Tr. Vol.
3-A, 99:6:25, 101:21102:7.

336. The confidence intervals for Dr. SchwasZ AMx-based risk assessment do not
include any uncertainty related to the accuracy of the mo&ded exposure estimate€AMX
is a deterministic model that produces a precise number based on the laws of physics and
chemistryand specific inputsPublic health professionals routinely use deterministic models to
estimate health effects from incrementalraies in air pollution. Chinkin Test., Tr. VokE,
8:129:1; Schwartz Test., Tr. Vol-A&, 93:1015, 102:8104:6.

iii. Rush Islandés Excess Emission€ausedHundreds to Thousands of
Premature Deaths

337. Public health risk assessmememonstratéhe overall effect of exposing a
population to an increased risk of harfimey do notdentify a specific individual who was, or
will be, harmedoy an exposure. Schwartz Test., Tr. VoA 382:1487:2, 104:19107:2.

338. Based on the two risk assessments milesd above, Dr. Schwartz calculated

premature deathexpectedo result from Rush Islai@sl excess emissions. This metric represents
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an increased risk of harm, not any specific peisdeath Table 1 show®r. Schwartés
calculatedexpectedoremature modlity, based on Rush Islafedexcess emissions. For 2007 to

2016, Dr. Schwartz calculated 637 and 879 expected premature mortality events based on the
reduced form model and CAMx model, respectively. Dr. Schwartz calculated that after 2016, an
average 062 or 86 premature mortality events per year are expected, based on the reduced form

and CAMx models, respectively. Schwartz Test., Tr. VoA, 31:11-24, 9525-96:4, 101:1520,

104:1518.
Table 1
Premature Mortality Reduced Form Model CAMx Model
(95% confidencenterval) (95% confidence interval)
Per Thousand Tons 3.9 5.4
20072016 637 (172- 1,436) 879 (738 1,215)
2017 and beyond 62/ year 86/ year

339. Dr. Schwart#s risk assessmendemonstrat¢hatRush Islan@ excess emissions
posesubstantiatisk of harm taheexposed populations. They also show that the hahm
continue until Rush Islarid excess emissiossop Schwartz Test., Tr. Vol.-8, 82:1483:4,
107:316, 109:113.

340. Thesimilarity of results, 95% confidence intervals, and pegrewed nature of
these modelprovide me witha high degree of confidencenmy conclusion that Rush Islaéxl
excess emissions have harmed public headthwelfare Schwartz Test., Tr. Vol.-8, 87:1%
88:8, 89:1990:10, 91:1124, 94:1321, 101:1102:25, 109:113.

e. Amerend Criticisms ofthe EPAG Model Are Not Persuasive

341. Ameren makes two main criticismstbie EPAs nodeling methods and results:

(1) that incremental changes smaller tHaEPAs Significant Impact Levels (SH.are

meaningless, and (2) that modeling performed on behalf of the EPA in this litigation is
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flu]ncertain, [o]verstated, and [u]nrelialie.

342. The Sl Ls are Ascreening tools the EPA

mayle exempted from certain requireme8idrra under

Clubv.EPA. 705 F. 3d 458, 459 (D.C. Cir. 2013) .
or operator . . . demonstrate that emissions from construction or opavathe facility will not
cause or contribute to any violations of the increment more than once per year, or to any
violation of I0.hd60NAAQS ever . o0

343. The EPA has not alleged, and its case does not depend on, any NAAQS or PSD
increments violatios in this case.

344. As aresult, Amerds SILs argument does not make the EPiodeling methods
or results less credible or convincing.

345. With respect to SI§ Ameren asserts that changes in concentrations below the
EPAG established SHdo not represent a meaningful or significant threat to human health.

346. TheSlILswere designed for use in the PSD permitting process, to determine if,
despite the installation of BACT, the creation or modification of a source would lead to NAAQS
violations.Knodel Test., Tr. Vol. 4A, 64:2566:25, 92:2393:25; NSR Manual (PI. Ex. 1190), at
AM-REM-00544163; MDNR Rule 30(b)(6) Dep., Aug. 10, 2018, Tr. 1309135:25136:4.

347. The SILs were derived from a statistical analysis of the limits of monitoring data
based on a finite network of variabplaced monitors. Morris., Tr. Vol -A, 6:20-25.

Recognizing thafithere is an inherent variability in the air quadifylue to fluctuating
meteorological conditions and changes in-ttaglay operations of all air polion sources in an
areapthe EPAdeveloped the SILs usirfg statistical analysis of the variability of air quality,

using data from the U.S. ambient monitoring network for ozondhc.0 (Ex. HB at HB_12.)
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348. The EPA has relied on modeledncentratiorthangeselowthe SILs in
calculatinghumanhealth benefi® including changes even below 0.01 paj, orders of
magnitude less than the 0.2 pgi SIL value Amerefs expert Ralph E. Morris used as a
comparator. Morris Test., Tr. Vol:A, 14:10316:20; Schwartz Test., Tr. Vol-A, 108:325.

349. Independently, Ameren argues thia@ EPAs modeling results afu]ncertain,
[o]verstated, and [u]nreliabl@Ameren makes this argument based on (1) model noistg2)
EPAG use of 2011 meteorology dats representative of other years, (3) the &R&se ofa
baseline for its Labadie model that included FGD controls on Rush Island, and (4) the difference
between 1Zilometer grid cell estimates and monitors point estimates.

350. | find that Amereis argimentsabout these features dotrenderthe EPAs
modeling methods or resulisss credibler convincing.

351. First,largescale modeB including the one fronthe EPAs expert Chinki
includesome noiseThis is becausdgorithms conducting millions of calculahs can produce
data (the noisdhat are not a direct result of the variahilest are the focus of the modéh this
case, for example, some of the data in Chidgkimodel were not tied to a hypothetical reduction
in SG pollution. Amererés expet Morris correctly notes thatlwenrelying onfithiskind of
approactusingonesimulationsubtractingrom anothey themodelerfineed[s}o beverycarefub
thatfiheis] lookingatconcentrationabovemodelnoised Morris Test. TrVol. 4-B, 79:22
89:12

352. Ameren argues that the presence of model noise near this BRAle g / mj
modeling threshold makes the EACAMX results unreliable. Ameren specifically points to
model noise found in Montana, Washington, and California as shol¥efirFigure A

353. Model noise is both positive and negative in these areas. Ameren does not present
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any evidence demonstrating that the model noise has led to any bias or that the model noise
played any significant role in the final results of the CAMx modelirigerefore Amererts

model noise argument does not make the &P#odeling methods or resuitareliable or
unconvincing.

Def. Figure A

354. SecondAmeren argues that the EPA should have usedspsaific meteorology
data for every year since the Rush Island major modifications in 2@@ree with Ameren that
the EPAs model results would have been even more precise if they had run the volumithous a
expensive CAMx model twelve or more times, for every year from 2007 through 2018.
However, the EPA made a reasonable choice to run the tiate:, and resourcentensive

CAMx model four times using 2011 as a representative year (with a base andresniss
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